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CONVERSION FACTORS
(ENGLISH T0 METRIC UNITS)
 
 
cubic foot per second (cfs) = 0.028317 cubic metres per second (cms)
cfs-month = 0.028317 cms-month
foot = 0.30480 metres
inch = 2.54 centimetres
mile (statute) = 1.6093 kilometres
ton (short) = 907.18 kilograms
ton (long) = 1016.40 kilograms
square mile = 2.5900 square kilometres
acre - foot = 1233.5 cubic metres
gallon (U.S.) - 3.7853 litres
gallon (Imperial) - 4.5459 litres
  
acre = 4047 square metres
 Great Lakes
Diversions and Consumptive Uses
ANNEX G
Evaluation of Diversion
Management Scenarios and
Consumptive Water Use Projections
Report to the
International Joint Commission
by the
International Great Lakes Diversions and
Co
ns
um
pt
iv
e
Us
es
St
ud
y
Bo
ar
d
(Under the Reference of Feburary 21, 1977)
September 1 98 1
 SYNOPSIS
On
May
3,
197
7,
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
(IJ
C),
at
the
req
ues
t
of
the
gov
ern
men
ts
of
the
Uni
ted
Sta
tes
and
Can
ada
,
est
abl
ish
ed
the
int
ern
ati
ona
l G
rea
t L
ake
s D
ive
rsi
ons
and
Con
sum
pti
ve
Use
s S
tud
y B
oar
d t
o
in
ve
st
ig
at
e
the
ef
fe
ct
on
the
wa
te
r
le
ve
ls
an
d
ou
tf
lo
ws
of
the
Gr
ea
t
La
ke
s
of:
exi
sti
ng
and
pro
pos
ed
new
or
cha
nge
d d
ive
rsi
ons
int
o,
out
of a
nd
wi
th
in
the
Gr
ea
t
La
ke
s
ba
si
n;
an
d
ex
is
ti
ng
an
d
re
as
on
ab
ly
fo
re
se
ea
bl
e
pa
tt
er
ns
of
co
ns
um
pt
iv
e
us
es
.
Th
is
An
ne
x
co
nt
ai
ns
su
pp
or
ti
ng
an
d
su
pp
le
me
nt
ar
y
da
ta
to
th
at
pr
es
en
te
d
in
the
Bo
ar
d'
s
ma
in
re
po
rt
.
Th
e
pu
rp
os
e
of
th
is
An
ne
x
is
to
do
cu
me
nt
the
de
ta
il
ed
hy
dr
ol
og
ic
,
ec
on
om
ic
an
d
en
vi
ro
nm
en
ta
l
ev
al
ua
ti
on
s
for
se
le
ct
ed
di
ve
rs
io
n
ma
na
ge
me
nt
sce
nar
ios
and
the
hyd
rol
ogi
c
eva
lua
tio
n
of
con
sum
pti
ve
wat
er
use
pr
oj
ec
ti
on
s.
Th
ir
te
en
ou
t
of
a
to
ta
l
of
43
sc
en
ar
io
s
we
re
ch
os
en
fo
r
de
ta
il
ed
hy
dr
ol
og
ic
ev
al
ua
ti
on
in
the
co
nt
ex
t
of
the
cr
it
er
ia
de
ve
lo
pe
d
by
th
e
In
te
rn
at
io
na
l
Gr
ea
t
La
ke
s
Le
ve
ls
Bo
ar
d.
Th
es
e
cr
it
er
ia
pa
ra
ph
ra
se
th
e
wa
te
r
le
ve
l
an
d
ou
tf
lo
w
re
qu
ir
em
en
ts
of
th
e
ex
is
ti
ng
IJ
C
Or
de
rs
of
Ap
pr
ov
al
fo
r
La
ke
s
Su
pe
ri
or
an
d
On
ta
ri
o
an
d
in
cl
ud
e
si
mi
la
r
in
fo
rm
at
io
n
fo
r
La
ke
s
Mic
hig
an-
Hur
on
and
Eri
e.
Ten
of
the
se
13
sce
nar
ios
wer
e
sel
ect
ed
for
ec
on
om
ic
ev
al
ua
ti
on
an
d
on
e,
de
si
gn
at
ed
as
th
e
ma
xi
mu
m-
ef
fe
ct
di
ve
rs
io
n
sc
en
ar
io
,
wa
s
ev
al
ua
te
d
en
vi
ro
nm
en
ta
ll
y.
Th
e
ma
jo
r
ec
on
om
ic
in
te
re
st
s
ev
al
ua
te
d
we
re
(1
)
co
as
ta
l
zo
ne
;
(2
)
na
vi
ga
ti
on
;
(3
)
hy
dr
o-
el
ec
tr
ic
po
we
r;
an
d,
(4
)
re
cr
ea
ti
on
al
be
ac
he
s
an
d
bo
at
in
g.
Th
e
te
ch
ni
qu
es
fo
r
ev
al
ua
ti
on
of
ec
on
om
ic
im
pa
ct
s
on
th
es
e
in
te
re
st
s
we
re
de
ve
lo
pe
d
by
th
e
In
te
rn
at
io
na
l
La
ke
Er
ie
Re
gu
la
ti
on
St
ud
y
Bo
ar
d.
Th
e
en
vi
ro
nm
en
ta
l
ev
al
ua
ti
on
co
ve
re
d
th
e
su
bj
ec
ts
of
fi
sh
er
ie
s,
wi
ld
li
fe
/w
et
la
nd
an
d
wa
te
r
qu
al
it
y.
Mu
ch
of
th
e
in
fo
rm
at
io
n
an
d
de
te
rm
in
at
io
ns
ad
va
nc
ed
by
th
e
En
vi
ro
nm
en
ta
l
Su
bc
om
mi
tt
ee
re
su
lt
s
fr
om
th
e
ap
pl
ic
at
io
n
of
th
e
fi
nd
in
gs
do
cu
me
nt
ed
by
th
e
In
te
rn
at
io
na
l
La
ke
Er
ie
St
ud
y
Bo
ar
d,
pa
rt
ic
ul
ar
ly
fo
r
th
e
lo
we
r
Gr
ea
t
La
ke
s,
an
d
th
e
U.
S.
St
ud
y
on
In
cr
ea
se
d
La
ke
Mi
ch
ig
an
Di
ve
rs
io
n
at
Ch
ic
ag
o.
Th
e
fi
nd
in
gs
an
d
co
nc
lu
si
on
s
of
th
es
e
ev
al
ua
ti
on
s
ar
e
su
mm
ar
iz
ed
in
th
e
ma
in
re
po
rt
.
Si
mi
la
rl
y,
th
is
An
ne
x
co
nt
ai
ns
ad
di
ti
on
al
hy
dr
ol
og
ic
ev
al
ua
ti
on
s
of
co
ns
um
pt
iv
e
wa
te
r
us
e
pr
oj
ec
ti
on
s
to
th
at
pr
es
en
te
d
in
th
e
ma
in
re
po
rt
.
Ev
al
ua
te
d
he
re
in
ar
e
hi
gh
an
d
lo
w
pr
oj
ec
ti
on
s
ab
ou
t
th
e
mo
st
likely projection (MLP).
  
 TABLE OF CONTENTS
Synopsis
1 Introduction
2 Hydrologic Evaluation
2.1 Summary of Extremes
2.1.1 Long Lac/Ogoki Diversions
2.1.2 Lake Michigan Diversion at Chicago
2.1.3 Welland Canal Diversion
2.2 Selected Scenarios
2.3 IJC Criteria Evaluation
2.3.1 Lake Superior Criteria
2.3.2 Lakes Michigan-Huron Criteria
2.3.3 Lake Erie Criteria
2.3.4 Lake Ontario Criteria
2.3.5 Lake St. Louis Low Water Levels
3 Economic Evaluation
3.1 Coastal Zone
3.2 Navigation
3.3 Power
3.3.1 St. Marys River Plants, ASSumptions
3.3.2 Niagara River Plants, Assumptions
3.3.3 Moses-Saunders (St. Lawrence) Power Plants,
Assumptions
3.3.4 Beauharnois-Les Cedres (St. Lawrence)
Power Plants, Assumptions
3.3.5 Nipigon River Power Plants
3.3.5.1 General Description
3.3.5.2 ASSumptions
3.3.5.3 Peak and Energy Outputs
PAGE NO.
G-l
G-l
G-l
G-ll
G-ll
G-12
G-l3
G-14
8-14
G-35
G-39
G-SO
G-74
6-74
0-74
G-80
G-83
G-83
G-83
G-85
G-85
6-86
G-86
G-86
G-86
   
   
  
  
  
   
  
  
   
3.3.6
3.3.7
3.3.8
5.3 Summary
4.1 Fisheries
4.2 Wetlands
4.3 Water Quality
TABLE OF CONTENTS (Continued)
Aguasabon River Plants
3.3.6.1 General Description
3.3.6.2 Assumptions
3.3.6.3 Peak and Energy Outputs
De
te
rm
in
at
io
n
of
Un
it
En
er
gy
an
d
Ca
pa
ci
ty
Values
3.3.7.1 Definitions
3.3.7.2 Basis of Evaluation
Evaluation of Diversion Scenarios
3.3.8.1 General
3.
3.
8.
2
Ad
ju
st
me
nt
s
to
En
er
gy
Be
ne
fi
ts
3.4 Recreational Beaches and Boating
4 Environmental Evaluation
4.3.1 Turbidity
4.3.2 Cladophora
5
By
dr
ol
og
ic
Ev
al
ua
ti
on
of
Co
ns
um
pt
iv
e
Us
e
5.1 Evaluation Technique
5.2 Results of Evaluation
G-ii
PAGE NO.
6-86
6-86
6-86
6-86
6-87
6-87
6-87
6-87
6-87
6-88
6-88
6-116
6-116
6-116
6-127
6-127
6-127
6-127
6-127
6-131
6-135
 TABLE
G-2
G-3
G-6
G-8
G-9
G-lO
G-ll
G-12
LIST OF TABLES
Long Lac/Ogoki-Chicago~Welland Canal Combinations
(Without a Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(Using Supply As Indicator and Michigan-Huron
as Trigger)
Long Lac/0goki-Chicago-Welland Canal Combinations
(Using Supply as Indicator and Michigan-Huron
as Trigger)
Long Lac/0goki-Chicago-Welland Canal Combinations
(Using Supply as Indicator and Michigan-Huron
as Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(Using Supply as Indicator and Michigan-Huron
as Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(Using Supply as Indicator and Michigan-Huron
As Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(Using Supply as Indicator and Michigan-Huron
as Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(Using Supply as Indicator and Michigan-Huron
as Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(Without a Trigger)
Long Lac/Ogoki-Chicago-Welland Canal Combinations
(WithOut a Trigger)
Monthly Mean Water Levels of Lake Superior, 1900-1976,
Number of Occurrences Above Level Shown
Monthly Mean WaterLevels of Lake Superior, 1900-1976,
Number of Occurrences Below Level Shown
G-iii
PAGE NO.
c—4
G-8
G-9
6-10
6-15
G-18
G-21
 
   
TABLE
G-13
G-l4
G-15
G-16
G-17
G-18
G-19
G-20
G-Zl
G-22
G-23
6-24
G-25
 
LIST OF TABLES (Continued)
Maximum Level - U.S. Slip Gauge
Monthly Mean Outflow From Lake Superior, May-November
1900-1976, Number of Occurrences AboveOutflow
Shown
Monthly Mean Outflow From Lake Superior, December-April
1900-1976, Number of Occurrences Above Outflow
Shown
Monthly Mean Outflow From Lake Superior, 1900-1976,
Number of Occurrences Below Outflow Shown
Monthly Mean Water Levels of Lakes Michigan-Huron,
1900-1976, Number of Occurrences Above Level
Shown
Monthly Mean Water Levels of Lakes Michigan-Huron,
1900-1976, Number of Occurrences Below Level
Shown
Monthly Mean Water Levels of Lake Erie, 1900-1976,
Number of Occurrences Above Levels Shown
Monthly Mean Water Levels of Lake Erie, 1900-1976,
Number of Occurrences Below Levels Shown
Monthly Mean Outflows from St. Louis, April 1 -
December 15 (1900-1976), Number of Occurrences
Below Flow Shown
Winter Outflows from Lake Ontario, (1900-1976)
Mean March Outflows from Lake Ontario, (1900-1976),
Number of Occurrences Above Flow Shown
and
Mean First Half April Outflows from Lake Ontario,
(19
00-
197
6),
Num
ber
of
Occ
urr
enc
es
Abo
ve
Flo
w S
how
n
Monthly Mean Outflows from Lake Ontario and Lake St.
Louis, April, May and June (1900-1976), Number of
Occurrences Above Outflow Shown
Minimum Monthly Mean Outflows from Lake Ontario,
(1900-1976)
 
 
 
    
    
  
   
   
   
  
    
  
   
  
   
PAGE NO.
G-25
G-26
6-29
G-32
6-36
6-40
G-43
G-47
G-51
6-55
G-58
G-62
G-65
TABLE
 
G-26
G-27
G-28
G-29
G-30
G-3l
G-32
G-33
G-34
G-35
G-36
G-37
LIST OF TABLES (Continued)
 
Monthly Mean Levels of Lake Ontario, (1900-1976)
Monthly Mean Levels of Lake Ontario, (1900-1976),
Number of Occurrences Above Elevation 246.77
Monthly Mean Levels of Lake Ontario, (1900-1976),
Number of Occurrences Equal to or Above
Elevation 245.77
Lake Ontario Water Levels, Minimum 1 April and
Minimum Monthly Mean April-November
Lake St. Louis Low Water Levels, June, July, August,
September 1900-1976, Number of Months Below
Value Shown
Coastal Zone Evaluation
Navigation Evaluation
Effect of Scenario 9 on Commercial Navigation by
Traffic Route (1985)
Power Evaluation
Power Evaluation - Diversion Scenario 1 - Difference
in Average Annual EnergyProduction and Peak Load
Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
Power Evaluation - Diversion Scenario 5 - Difference
in Average Annual Energy Production and Peak Load
Meeting Capability and Corresponding Annual Amortized
PAGE NO.
G-69
G-72
G-73
G-75
G-76
G-79
G-81
6-82
6-84
0-89
6-90
and Present Worth Value - Compared to Basis-of-Comparison
Power Evaluation - Diversion Scenario 6 - Difference
in Average Annual Energy Production and Peak
Load Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
G-9l
 
LIST OF TABLES (Continued)
TABLE PAGE NO.
G-38 Power Evaluation - Diversion Scenario 7 - Difference 6-92
in Average Annual Energy Production and Peak Load
Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
G-39 Power Evaluation - Diversion Scenario 8 - Difference G-93
in Average Annual Energy Production and Peak
Load Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
6-40 Power Evaluation - Diversion Scenario 9 - Difference 6-94
in Average Annual Energy Production and Peak
Load Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of—Comparison
G-4l Power Evaluation - Diversion Scenario 10 - Difference G-95
in Average Annual Energy Production and Peak
Load Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
6-42 Power Evaluation - Diversion Scenario ll - Difference c-96
in Average Annual Energy Production and Peak
Load Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
6-43 Power Evaluation - Diversion Scenario 12 - Difference c-97
in Average Annual Energy Production and Peak
Load Meeting Capability and Corre3ponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
G-vi
 
 TABLE
 
G-44
0—46
G-47
6-48
6-49
6-50
G-Sl
G-52
LIST OF TABLES (Continued)
 
Power Evaluation - Diversion Scenario 13 - Difference
in Average Annual Energy Production and Peak
Load Meeting Capability and Corresponding Annual
Amortized and Present Worth Value - Compared to
Basis-of-Comparison
Power Evaluation-Diversion Scenarios Compared to
Basis~of-Comparison - Ontario System—Difference
in Annual Energy Production
Power Evaluation—Diversion Scenarios Compared to
Basis-of-Comparison - Ontario System-Difference
in Annual Energy Production
Power Evaluation—Diversion Scenarios Compared to
Basis-of-Comparison - Ontario System-Difference
in Annual Energy Production
Power Evaluation-Diversion Scenarios Compared to
Basis-of-Comparison - Ontario System-Difference
in Peak Load Meeting Capability
Power Evaluation-Diversion Scenarios Compared to
Basis-of—Comparison - Ontario System-Difference
in Peak Load Meeting Capability
Power Evaluation-Diversion Scenarios Compared to
Basis-of-Comparison-Quebec System-Difference
in Average Annual Energy Production
Power Evaluation-Diversion Scenarios Compared to
Basis—of-Comparison-New York State System-Difference
in Average Annual Energy and Peak Load Meeting
Capability
Power Evaluation-Diversion Scenarios Compared to
Basis-of-Comparison-New York State System-Difference
in Average Annual Energyand Peak Load Meeting
Capability
G-vii
PAGE NO.
6-98
6-99
6-100
6-101
G-102
G-103
 
G-104
G-lOS
6-106
TABLE
 
G-53
G-54
G-55
G-56
G-57
G-58
G-59
G-60
LIST OF TABLES (Continued)
Diversion Scenarios Compared to Basis-of-
Comparison - Upper Michigan System-Difference
in Average Annual EnergyProduction and Peak
Load Meeting Capability
Power Evaluation-Ontario System- Niagara River
Plants-Adjustment to Average Annual Energy for
Difference Between Predicted and Computed
Mean Outflows
Power Evaluation-Ontario System - Niagara River
Plants-Adjustment to Average Annual Energy for
Difference Between Predicted and Computed
Mean Outflows
Power Evaluation-Ontario or New York System -
St. Lawrence River Plants-Adjustment to Average
Annual Energy for Difference Between Predicted
and Computed Mean Outflows
Power Evaluation-Ontario or New York System -
St. Lawrence River Plants-Adjustment to Average
Annual Energy for Difference Between Predicted
and Computed Mean Outflows
Power Evaluation-Quebec System - St. Lawrence
River Plants-Adjustment to Average Annual
Energy for Difference Between Predicted and
Computed Mean Outflows
Power Evaluation-Quebec System - St. Lawrence
River Plants-Adjustment to Average Annual
Energy for Difference Between Predicted and
Computed Mean Outflows
Recreational Beach Evaluation
G-viii
PAGE NO.
G-107
G-108
G-109
G-llO
G-lll
G-112
G-113
G-114
 LIST OF TABLES (Continued)
 
TABLE PAGE NO.
G-61 Recreational Boating G‘lls
G-62 Fish Use of Shallow Water Habitat During 0-117
Critical Life Periods
G-63 Composition of the Wetland Vegetation by Lake G'118
Level Stage, in Mean Percent of Total Wetland
Area
G-64 General Response of Wetland Types to Lowered G‘119
Water Levels
G-65 Turbidity Evaluation of Maximum-Effect Diversion G-128
Scenario for the North Shore of the Central Basin
of Lake Erie, 1967-1976
G-66 ‘ Mean Annual CladOEhora Production in Bass G-129
Islands Region of Lake Erie as Influenced by
Maximum—Effect Diversion Scenario
G-67 Evaluation of Projected (MLP) ConSumptive Use on 9-136
Levels and Flows, Using Actual Water Supply
Conditions for the Period 1916-1976
G-68 Evaluation of Projected (High Range) ConSumptive Use G'137
on Levels and Flows, Using Actual Water Supply
Conditions for the Period 1916-1976
G-69 Evaluation of Projected (Low Range) ConSumptive Use 9‘138
 
on Levels and Flows, Using Actual Water Supply
Conditions for the Period 1916-1976
G-70 Evaluation of Projected (MLP) ConSumptive Use on G‘139
Levels and Flows, Using Actual Water Supply
Conditions for the Period 1916-1976
G-7l Evaluation of Projected (High Range) Consumptive Use G_140
on Levels and Flows, Using Actual Water Supply
Conditions for the Period 1916-1976
G—72 Evaluation of Projected (Low Range) ConSumptive Use G'141
on Levels and Flows, Using Actual Water Supply
Conditions for the Period 1916-1976
G-ix
TABLE
 
G-73
G-74
G-75
G-76
G-77
G-78
 
LIST
OF
TABLES
(Continued)
Evaluation
of
Projected
(MLP)
ConSumptive
Use
on
Levels
and
Flows,
Using
Average
Water
Supply
Conditions
for
the
Period
1916-1976
Evaluation
of
Projected
(High
Range)
Consumptive
Use
on
Levels
and
Flows,
Using
Average
Water
Supply
Conditions
for
the
Period
1916-1976
Evaluation
of
Projected
(Low
Range)
Consumptive
Use
on
Levels
and
Flows,
Using
Average
Water
Supply
Conditions
for
the
Period
1916-1976
Evaluation
of
Projected
(MLP)
ConSumptive
Use
on
Levels
and
Flows,
Using
Average
Water
Supply
Conditions
for
the
Period
1916-1976
Evaluation
of
Projected
(High
Range)
ConSumptive
Use
on
Levels
and
Flows,
Using
Average
Water
Supply
Conditions
for
the
Period
1916-1976
Evaluation
of
Projected
(Low
Range)
Consumptive
Use
on
Levels
and
Flows,
Using
Average
Water
Supply
Conditions
for
the
Period
1916-1976
PAGE NO.
6-142
G-143
G-144
6-145
G-146
G-l47
FIGURE
LIST OF FIGURES
Expected
Vegetation
Structure
at
Various
Lake
Levels
for
Dickinson
Island
Marsh
(Type
4)
Lake
St.
Clair
Expected
Vegetation
Structure
at
Various
Lake
Levels
for
Toussaint
Marsh
(Type
7)
Lake
Erie
Lake
Lake
Lake
Lake
Lake
Bass
Superior - Nearshore Area
Michigan - Nearshore Area
Huron - Nearshore Area
Erie - Nearshore Area
Ontario - Nearshore Area
Island
Cladthora
Production
for
Maximum
-
Effect Diversion Scenario
Projected
Range
of
ConSumptive
Water
Uses,
Most
L
i
k
e
l
y
P
r
o
j
e
c
t
i
o
n
(MLP)
Projected
Range
of
ConSumptive
Water
Uses,
High
Projection
Projected
Range
of
ConSumptive
Water
Uses,
Low
Projection
G-xi
PAGE NO.
G-120
G-121
G-122
G-123
G-124
G-125
G-126
G-130
6-132
G-133
6-134
  
LIST OF ANNEXES TO MAIN REPORT
ANNEX A
Text of February 21, 1977 Reference from the Governments of the United
States and Canada.
ANNEX B
Text of the International Joint Commission Directive of May 10, 1977 to the
International Great Lakes Diversions and ConSumptive Uses Study Board.
ANNEX C
Series of Newsletters "Diversions" and Report on Public Workshops.
ANNEX D
Prior Reports that were Pertinent or of Special Interest to this Study.
ANNEX E
State, Provincial and Federal Agencies that Participated in this Study,
Including a Listing of Participants.
ANNEX F
(bound separately)
Consumptive Water Use - A Documentation of the Methodology used in
Consumptive Uses Projections.
ANNEX G
(bound separately)
Evaluation of Diversion Management Scenarios and Consumptive Water Use
Projections - A Documentation of the Detailed Hydrologic, Economic and
Environmental Evaluation of Selected Diversion Management Scenarios and the
Hydrologic Evaluations of Consumptive Water Use Projections.
G-xii
LIST
OF
APPENDICES
TO
MAIN
REPORT
(bound separately)
APPENDIX
A
-
COORDINATED
BASIC
DATA
A
documentation
of
the
coordinated
basic
data
developed
and
employed
in
this
study.
It
describes
the
methods
and
techniques
employed
in
obtaining
the
water
supply
data
and
development
of
the
basis-of—comparison.
It
also
contains
tabulations
of
the
final
basis-ofecomparison
data
and
tabulations
of
the
basic
data
employed
in
their
derivation.
APPENDIX
B
-
COMPUTER
MODELS-GREAT
LAKES
A
documentation
of
computer
"software"
containing
a
complete
program
listing
of
one
program
developed
uniquely
for
this
study
as
well
as
a
tabulation
of
two
standard
programs
used.
The
programs
themselves
are
stored
in
the
United
States
at
the
offices
of
the
Detroit
District,
Corps
of
Engineers,
Detroit,
Michigan,
and
in
Canada
at
the
offices
of
the
Inland
Waters
Directorate,
Federal
Department
of
the
Environment,
Ottawa,
Ontario.
APPENDIX C - DIVERSION
MANAGEMENT
SCENARIOS
A
documentation
of
the
monthly
mean
levels
and
flows
data
of
13
diversion management
scenarios selected for detailed hydrologic evaluation.
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1 Introduction
T
h
i
s
A
n
n
e
x
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p
a
r
t
o
f
t
h
e
f
i
n
a
l
r
e
p
o
r
t
o
f
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
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G
r
e
a
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L
a
k
e
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D
i
v
e
r
s
i
o
n
s
a
n
d
C
o
n
s
u
m
p
t
i
v
e
U
s
e
s
B
o
a
r
d
,
d
a
t
e
d
S
e
p
t
e
m
b
e
r
,
1
9
8
1
.
T
h
e
A
n
n
e
x
d
o
c
u
m
e
n
t
s
t
h
e
d
e
t
a
i
l
e
d
h
y
d
r
o
l
o
g
i
c
,
e
c
o
n
o
m
i
c
a
n
d
e
n
v
i
r
o
n
m
e
n
t
a
l
e
v
a
l
u
a
t
i
o
n
o
f
s
e
l
e
c
t
e
d
m
a
n
a
g
e
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n
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s
c
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n
a
r
i
o
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a
n
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h
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o
l
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i
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o
n
o
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c
o
n
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m
p
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v
e
w
a
t
e
r
u
s
e
p
r
o
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e
c
t
i
o
n
s
m
a
d
e
u
n
d
e
r
t
h
e
F
e
b
r
u
a
r
y
21,
1
9
7
7
R
e
f
e
r
e
n
c
e
f
r
o
m
t
h
e
t
w
o
g
o
v
e
r
n
m
e
n
t
s
t
o
t
h
e
I
n
t
e
r
n
a
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n
a
l
J
o
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n
t
C
o
m
m
i
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i
o
n
a
n
d
w
a
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s
u
m
m
a
r
i
z
e
d
i
n
S
e
c
t
i
o
n
8
o
f
t
h
e
m
a
i
n
r
e
p
o
r
t
.
A
l
l
d
a
t
a
w
h
i
c
h
w
e
r
e
u
s
e
d
d
u
r
i
n
g
t
h
e
c
o
u
r
s
e
o
f
t
h
i
s
s
t
u
d
y
,
i
n
c
l
u
d
i
n
g
c
o
n
t
r
i
b
u
t
o
r
y
r
e
p
o
r
t
s
,
a
r
e
f
i
l
e
d
i
n
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
t
t
h
e
o
f
f
i
c
e
s
o
f
t
h
e
D
e
t
r
o
i
t
D
i
s
t
r
i
c
t
,
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
a
n
d
i
n
C
a
n
a
d
a
a
t
t
h
e
o
f
f
i
c
e
s
o
f
t
h
e
I
n
l
a
n
d
W
a
t
e
r
s
D
i
r
e
c
t
o
r
a
t
e
,
F
e
d
e
r
a
l
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
,
O
t
t
a
w
a
,
Ontario.
2
H
y
d
r
o
l
o
g
i
c
E
v
a
l
u
a
t
i
o
n
T
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
G
r
e
a
t
L
a
k
e
s
L
e
v
e
l
s
B
o
a
r
d
,
in
its
D
e
c
e
m
b
e
r
7,
1
9
7
3
r
e
p
o
r
t
,
d
e
v
e
l
o
p
e
d
a
s
e
t
o
f
c
r
i
t
e
r
i
a
t
o
f
a
c
i
l
i
t
a
t
e
h
y
d
r
o
l
o
g
i
c
e
v
a
l
u
a
t
i
o
n
o
f
the
G
r
e
a
t
L
a
k
e
s
s
ys
t
e
m
.
T
h
e
c
r
i
t
e
r
i
a
p
a
r
a
p
h
r
a
s
e
the
l
e
ve
l
a
n
d
o
u
t
f
l
o
w
r
e
q
u
i
r
e
m
e
n
t
s
o
f
the
e
x
i
s
t
i
n
g
I
J
C
'
s
O
r
d
e
r
s
o
f
A
p
p
r
o
v
a
l
for
L
a
k
e
s
S
u
p
e
r
i
o
r
and
O
n
t
a
r
i
o
and
include
similar
i
n
f
o
r
m
a
t
i
o
n
for
Lakes
M
i
c
h
i
g
a
n
-
H
u
r
o
n
and
E
r
i
e
.
I
n
t
h
e
f
o
l
l
o
w
i
n
g
e
v
a
l
u
a
t
i
o
n
o
f
s
e
l
e
c
t
e
d
d
i
v
e
r
s
i
o
n
m
a
n
a
g
e
m
e
n
t
scenarios,
these
c
r
i
t
e
r
i
a
are
e
m
p
l
o
ye
d
for
un
i
f
o
r
m
i
t
y
in
p
r
e
s
e
n
t
a
t
i
o
n
and
f
o
r
d
i
r
e
c
t
c
o
m
p
a
r
i
s
o
n
w
i
t
h
p
r
i
o
r
s
t
u
d
i
e
s
.
2.1
S
u
m
m
a
r
y
o
f
E
x
t
r
e
m
e
s
Shown
in
Table
6-1
are
the
e
xt
r
e
m
e
levels
wh
i
c
h
wo
ul
d
h
a
ve
o
c
c
ur
r
e
d
had
any
of
the
e
xi
s
t
i
n
g
d
i
ve
r
s
i
o
n
s
(singularly
or
in
c
o
m
b
i
n
a
t
i
o
n
)
not
b
e
e
n
in
existence
over
the
period
1900-1976.
In
other
words,
the
differences
b
e
t
we
e
n
these
scenarios
and
the
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
r
e
p
r
e
s
e
n
t
a
m
e
a
s
ur
e
of
the
effects
of
the
existing
diversions
on
the
system.
Tables
G-2
through
G~8
reflect
the
extreme
levels
which
would
have
been
obtained
had
the
management
scenarios
which
alter
diversion
rates
whenever
the
water
supply
to
the
upper
Great
Lakes
is
above
normal,
shown
in
Figure
7-2
of
the
m
a
i
n
report,
been
in
operation
over
the
period
1900-1976.
Table
G-9
compares
the
extremes
that
would
have
occurred
under
the
basis-of-comparison
(singularly
and
in
combination)
with
those
extremes
that
would
have
occurred
under
a
basis-of-comparison
which
reflects
the
current
rates.
Shown
also
in
these
tables
are
the
mean
and
range
of
levels
for
each
of
those scenarios.
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ﬁ
  
G
-
2
LAKE
SUPERIOR
Mean
Max
Min
Range
LAKES MICHIGAN—HURON
 
LAKE
Mean
Max
Min
Range
LAKE ERIE
Mean
Max
Min
Range
ONTARIO
(without deviations)
Mean
Max
Min
Range
(1) Denotes scenario,
Table G—l
LONG LAC/OGOKI — CHICAGO - WELLAND CANAL COMBINATIONS
Basis—of—
Comparison
600.44
601.93
598.69
3.24
578.27
581.16
575
.46
5.70
570.76
573.60
568.10
5.50
244.73
2
4
9
.
4
7
241.59
7.88
including its identification number, selected for detailed hydrologic evaluation.
(WITHO
LAKE
UT A TRIGGER)
LEVELS (FEET)
LL/O 0
CHI 3200
WELL 7000
(1)
600.25
601.83
597
.88
3.95
577.94
580.83
575
.07
5.
76
570.53
573.37
567.84
5
.
5
3
244.53
248.34
240
.22
8.12
LL/O 5000
CHI 3200
WELL 0
(2)
600.48
601.93
598
.72
3.21
578.40
581
.28
575
.60
5.68
571
.08
573
.91
568.45
5.46
244.73
249.49
241.58
7.
91
LL/0 5000
CHI
0
WELL 7000
(3)
600.51
601.93
598.75
3.18
578.48
581.36
575.70
5.66
570.90
573
.75
568.25
5.50
244.83
251.29
242.07
9
.
2
2
 
LL/O 0
CHI 0
WELL 0
(4)
600.37
601.84
597
.99
3.85
578
.28
581
.20
575.43
5.77
571
.00
573
.84
568.36
5.48
244.67
248.98
241.10
7.88
 
LA
K
E
S
U
P
E
R
I
O
R
 
M
e
a
n
Max
M
i
n
Range
L
A
K
E
S
M
I
C
H
I
G
A
N
-
H
U
R
O
N
M
e
a
n
'
M
a
x
M
i
n
Range
L
A
K
E
E
R
I
E
Mean
M
a
x
M
i
n
Range
L
A
K
E
O
N
T
A
R
I
O
(
w
i
t
h
o
u
t
d
e
v
i
a
t
i
o
n
s
)
M
e
a
n
M
a
x
M
i
n
Range
(
l
)
D
e
n
o
t
e
s
s
c
e
n
a
r
i
o
,
i
n
c
l
u
d
i
n
g
i
t
s
i
d
e
n
t
i
f
i
c
a
t
i
o
n
n
u
m
b
e
r
,
 
L
O
N
G
L
A
C
/
O
G
O
K
I
—
C
H
I
C
A
G
O
(
U
S
I
N
G
S
U
P
P
L
Y
A
S
I
N
D
I
C
A
T
O
B
a
s
i
s
-
o
f
—
C
o
m
p
a
r
i
s
o
n
6
0
0
.
4
4
6
0
1
.
9
3
5
9
8
.
6
9
3
.
2
4
5
7
8
.
2
7
581.16
5
7
5
.
4
6
5
.
7
0
5
7
0
.
7
6
5
7
3
.
6
0
5
6
8
.
1
0
5
.
5
0
2
4
4
.
7
3
2
4
9
.
4
7
2
4
1
.
5
9
7
.
8
8
Table
G-2
L
A
K
E
L
E
V
E
L
S
(
F
E
E
T
)
 
L
L
/
O
2
5
0
0
CHI
3
2
0
0
W
E
L
L
7
0
0
0
6
0
0
.
4
0
6
0
1
.
8
8
5
9
8
.
5
7
3.31
5
7
8
.
1
9
5
8
1
.
0
2
5
7
5
.
4
2
5
.
6
0
5
7
0
.
7
0
5
7
3
.
5
1
5
6
8
.
0
7
5
.
4
4
2
4
4
.
6
7
2
4
8
.
9
3
2
4
1
.
3
0
7
.
6
3
L
L
/
O
0
C
H
I
3
2
0
0
W
E
L
L
7
0
0
0
(5)
6
0
0
.
3
6
6
0
1
.
8
3
5
9
8
.
4
2
3
.
4
1
5
7
8
.
1
1
580.92
5
7
5
.
3
9
5
.
5
3
5
7
0
.
6
5
5
7
3
.
4
4
5
6
8
.
0
5
5
.
3
9
2
4
4
.
6
4
2
4
8
.
5
3
2
4
1
.
1
8
7
.
3
5
—
W
E
L
L
A
N
D
C
A
N
A
L
C
O
M
B
I
N
A
T
I
O
N
S
R
&
M
I
C
H
I
G
A
N
—
H
U
R
O
N
A
S
T
R
I
G
G
E
R
)
LL/O
5000
CHI
0
W
E
L
L
7
0
0
0
6
0
0
.
4
8
6
0
1
.
9
3
598.70
3
.
2
3
578.37
5
8
1
.
1
9
5
7
5
.
6
5
5
.
5
4
5
7
0
.
8
3
573.64
5
6
8
.
2
3
5.41
2
4
4
.
7
7
2
4
9
.
6
5
2
4
1
.
9
4
7.71
L
L
/
O
5
0
0
0
CHI
6600
WELL
7000
6
0
0
.
4
0
6
0
1
.
9
3
5
9
8
.
6
3
3.30
578.16
580.96
575.41
5
.
5
5
570.68
573.48
5
6
8
.
0
7
5.41
244.66
2
4
8
.
8
2
2
4
1
.
2
6
7.56
s
e
l
e
c
t
e
d
f
o
r
d
e
t
a
i
l
e
d
h
y
d
r
o
l
o
g
i
c
e
v
a
l
u
a
t
i
o
n
.
L
L
/
o
5
0
0
0
C
H
I
8
7
0
0
W
E
L
L
7
0
0
0
(7)
6
0
0
.
3
8
601.92
598.60
3.32
578.10
5
8
0
.
8
6
575.40
5
.
4
6
570.64
573.40
5
6
8
.
0
5
5.35
2
4
4
.
6
4
2
4
8
.
4
0
2
4
1
.
1
9
7.21
G
-
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Table G-3
LONG LAC/
OGOKI - C
HICAGO -
WELLAND
CANAL COM
BINATIONS
(USING SU
PPLY AS I
NDICATOR
& MICHIGA
N-HURON A
S TRIGGER
)
LAKE LEVE
LS (FEET)
LL/O 5000
LL/O 5000
LL/O 2500
LL/O 2500
LL/O 2500
Basis—of—
CHI 3200
CHI 3200
CHI 0
CHI 6600
CHI 8700
Comparison
WELL 0 W
ELL 9000 WEL
L 7000 WE
LL 7000 WEL
L 7000
(6)
‘
LAKE S
UPERIO
R
Mean
600.44
600.46 60
0.43 600
.43 60
0.37 600
.35
Max
601.93
601.93 60
1.93 601
.89 60
1.88 601
.88
Min
598.69
598.71 59
8.68 598
.63 59
8.57 598
.53
Range
3.24
3.22 3.
25 3.2
6 3.
31 3.3
5
LAKES
MICHI
GAN—H
URON
Mean
578.27
578.33
578.25
578.29
578.08
578.02
Max
581.16
581.24 58
1.10 581
.19 58
0.83 580
.73
Min
575.46
575.52
575.46
575.49
575.39
575.36
Range
5.70
5.72 5.
64 5.7
0 5.
44 5.3
7
LAKE ERIE
Mean
570.76
570.92
570.71
570.77
570.62
570.58
Max
573.60
573.87
573.50
573.63
573.37
573.31
Min
568.10
568.11
568.09
568.10
568.05
568.03
Range
5.50
5.76
5.41
5.33
5.32
5.28
 
LAKE O
NTARIO
(with
out
devia
tion)
Mean
244.73
244.72
244.73
244.74
244.62
244.60
Max
249.47
249.32
249.44
249.65
248.36
248.27
Min
241.59
241.65
' 241.52
241.59
241.15
241.02
Range
7.88
7.67
7.92
8.06
7.21
7.25
(l) Denot
es scenar
io, incl
uding its
identific
ation num
ber, sele
cted for
detailed
hydrologi
c evaluat
ion.
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-
5
T
a
b
l
e
G
—4
LONG
LAC/OGOKI
—
CHICAGO
-
WELLAND
CANAL
COMBINATIONS
(USING
SUPPLY
AS
INDICATOR
&
MICHIGAN—HURON
AS
TRIGGER)
LAKE
LEVELS
(FEET)
 
LL/O
O
LL/O
0
LL/O
0
LL/O
5000
LL/O
5000
Basis—of-
CHI
0
CHI
6600
CHI
8700
CHI
0
CHI
6600
Comparison
WELL
7000
WELL
7000
WELL
7000
WELL
9000
WELL
9000
(
8
)
LAKE
SUPERIOR
 
Mean
600.44
600.39
600.32
600.30
600.46
600.39
Max
601.93
601.83
601.83
601.83
601.93
601.93
Min
598
. 69
598.
41
598
. 32
598.
34
598.
72
598
. 61
Range
3.24
3.42
3.51
3.49
3.21
3.32
LAKES
MICHIGAN-HURON
Mean
578.27
578.21
577.99
577.94
578.35
578.14
Max
581.16
580.95
580.71
580.61
581.27
580.91
Min
575.46
575.57
575.34
575.32
575.50
575.41
Range
5.70
5.38
5.37
5.29
5.77
5.50
LAKE
ERIE
Mean
570.76
570.72
570.57
570.53
570.78
570.63
Max
573.60
573.47
573.31
573.24
573.63
573.37
Min
568.10
568.18
568.01
568.00
568.12
568.06
Range
5.50
5.29
5.30
5.24
5.51
5.31
L
A
K
E
O
N
T
A
R
I
O
(without
deviation)
Mean
244.73
244.68
244.58
244.55
244.80
244.67
Max
249.47
248.72
248.24
248.05
250.91
248.78
Min
241.59
241.68
240.85
240.74
241.66
241.26
Range
7.88
7.04
7.39
7.31
9.25
7.52
(l)
Denotes
scenario,
including
its
identification
number,
selected
for
detailed
hydrologic
evaluation.
 
 Ta
bl
e
G—
5
LONG
LAC/
OGOK
I —
CHIC
AGO
- WE
LLAN
D CA
NAL
COMB
INAT
IONS
(USI
NG S
UPPL
Y AS
INDI
CATO
R &
MICH
IGAN
—HUR
ON A
S TR
IGGE
R)
LAKE
LEVEL
S (F
EET)
 
LL/O
2500
LL/O
2500
LL/O
5000
LL/O
2500
LL/O
2500
Basis
—of-
CHI
0
CHI
3200
CHI
8700
CHI
6600
CHI
8700
Compa
rison
WELL
9000
WELL
9000
WELL
9000
WELL
9000
WELL
9000
LAK
E S
UPE
RIO
R
Mean
600.
44
600.
42
600.
40
600.
37
600.
36
600.
34
Max
601.
93
601.
89
601.
88
601.
92
601.
88
601.
88
Min
598.
69
598.
63
598.
60
598.
59
598.
57
598.
52
Rang
e
3.24
3.26
3.28
3.33
3.31
3.36
LAK
ES
MIC
HIG
AN—
HUR
ON
Mean
578.
27
578.
27
578.
17
578.
08
578.
06
578.
00
0
Max
581.
16
581.
16
580.
99
580.
83
580.
79
580.
70
ax
Min
575.
46
575.
46
575.
42
575.
39
575.
37
575.
35
Rang
e
5.70
5.70
5.57
5.44
5.42
5.35
LA
KE
ER
IE
Mean
570.
76
570.
73
570.
65
570.
59
570.
58
570.
54
Max
573
.60
573
.55
573
.43
573
.32
573
.29
573
.22
Min
568.
10
568.
09
568.
07
568.
05
568.
04
568.
02
Ran
ge
5.5
0
5.4
6
5.3
6
5.2
7
5.2
5
5.2
0
LAKE O
NTARIO
(with
out d
eviat
ion)
 
Mea
n
244
.73
244
.74
244
.68
244
.64
244
.62
244
.60
Max
249.
47
249.
64
248.
96
248.
41
248.
38
248.
27
Min
241.
59
241.
61
241.
31
241.
20
241.
08
240.
98
Rang
e
7.88
8.03
7.65
7.21
7.30
7.29
(1)
Den
ote
s s
cen
ari
o,
inc
lud
ing
its
ide
nti
fic
ati
on
num
ber
, s
ele
cte
d f
or
det
ail
ed
hyd
rol
ogi
c e
val
uat
ion
.
 
 Table
G—6
LONG
LAC/OGOKI
—
CHICAGO
-
WELLAND
CANAL
COMBINATIONS
(USING
SUPPLY
AS
INDICATOR
&
MICHIGAN—HURON
AS
TRIGGER)
LAKE
LEVELS
(FEET)
 
LL/O
0
LL/0
0
LL/o
0
‘
LL/O
0
LL/O
5000
Basis-of-
CHI
0
CHI
3200
CHI
6600
CHI
8700
CHI
8700
Comparison
WELL
9000
WELL
9000
WELL
9000
WELL
9000
WELL
0
(.9)
LAKE
SUPERIOR
 
Mean
600.44
600.38
600.35
600.31
600.29
600.40
Max
601.93
‘
601.84
601.83
601.83
601.83
601.93
Min
598.69
598.47
598.41
598.37
598.31
598.62
Range
3.24
3.37
3.42
3.46
‘
3.52
3.31
LAKES
MICHIGAN-HURON
0
Mean
578.27
578.19
578.09
577.98
577.92
578.16
L,
Max
581.16
581.05
580.88
580.68
580.59
580.97
Min
575.46
575.43
575.38
575.34
575.31
575.43
Range
5.70
5.62
5.50
5.34
5.28
5.54
LAKE
ERIE
Mean
570.76
570.67
570.60
570.52
570.48
570.80
Max
573.60
573.47
573.35
573.22
573.15
573.68
Min
568.10
568.07
568.05
568.01
568.00
568.07
Range
5.50
5.40
5.30
5.21
5.15
5.61
L
A
K
E
O
N
T
A
R
I
O
(
w
i
t
h
o
u
t
d
e
v
i
a
t
i
o
n
s
)
Mean
244.73
244.69
244.64
244.58
244.55
244.64
Max
249.47
249.14
248.56
248.24
248.07
248.34
Min
241.59
241.39
241.13
240.89
240.74
241.43
Range
7.88
7.75
7.43
7.35
7.33
6.91
(l)
Denotes
scenario,
including
its
identification
number,
selected
for
detailed
hydrologic
evaluation.
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Table G-7
LON
G L
AC/
OGO
KI
— C
HIC
AGO
- W
ELL
AND
CAN
AL
COM
BIN
ATI
ONS
(US
ING
SUP
PLY
AS
IND
ICA
TOR
& M
ICH
IGA
N-H
URO
N A
S T
RIG
GER
)
LAK
E L
EVE
LS
(FE
ET)
 
LL/
O 5
000
LL/
O 5
000
LL/
O 2
500
LL/
O 2
500
LL/
O 2
500
Bas
is-
of-
CHI
0
CHI
660
0
CHI
0
CHI
320
0
CHI
870
0
Com
par
iso
n
WEL
L 0
WEL
L 0
WEL
L 0
WEL
L 0
WEL
L 0
LAK
E S
UPE
RIO
R
 
Mea
n
600
.44
600
.49
600
.42
600
.45
600
.42
600
.37
Max
601
.93
601
.94
601
.93
601
.89
601
.89
601
.88
Min
598
.69
598
.77
598
.66
598
.69
598
.62
598
.58
Ran
ge
3.2
4
3.1
7
3.2
7
3.2
0
3.2
7
3.3
0
LAK
ES
MIC
HIG
AN—
HUR
ON
Mea
n
578
.27
578
.43
578
.22
578
.35
578
.25
578
.08
Max
581
.16
581
.41
581
.07
581
.30
581
.12
580
.84
Min
575
.46
575
.54
575
.45
575
.51
575
.47
575
.39
Ran
ge
5.7
0
5.8
7
5.6
2
5.7
9
5.6
5
5.4
5
LAKE
ERIE
Mea
n
570
.76
570
.99
570
.84
570
.93
570
.86
570
.74
Max
573
.60
573
.99
573
.75
573
.92
573
.79
573
.59
Min
568
.10
568
.14
568
.08
568
.12
568
.09
568
.04
Ran
ge
5.5
0
5.8
5
5.6
7
5.8
0
5.7
0
5.5
5
LAK
E O
NTA
RIO
(w
it
ho
ut
de
vi
at
io
n)
Mea
n
244
.73
244
.78
244
.67
244
.73
244
.68
244
.60
Max
249
.47
250
.54
248
.62
249
.50
248
.83
248
.08
Min
241
.59
241
.66
241
.57
241
.71
241
.59
241
.17
Ran
ge
7.8
8
8.8
8
7.0
5
7.7
9
7.2
4
6.9
1
(l)
Den
ote
s s
cen
ari
o,
inc
lud
ing
its
ide
nti
fic
ati
on
num
ber
, s
ele
cte
d f
or
det
ail
ed
hyd
rol
ogi
c e
val
uat
ion
.
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Table
G—8
LONG
LAC/OGOKI
—
CHICAGO
-
WELLAND
CANAL
COMBINATIONS
(USING
SUPPLY
AS
INDICATOR
&
MICHIGAN—HURON
AS
TRIGGER)
LAKE
LEVELS
(FEET)
 
LL/0
2500
m
m
0
LL/o
0
LL/O
0
LL/O
0
LL/0
5000
Basin—of—
CHI
6600
CHI
0
CHI
3200
CHI
6600
CHI
8700
CHI
3200
Comparison
WELL
0
WELL
0
WELL
0
WELL
0
WELL
0
WELL
2600
(10)
LAKE
SUPERIOR
 
Mean
600.44
600.39
600.41
600.38
600.34
600.33
600.45
Max
601.93
601.88
601.84
601.84
601.83
601.83
601.93
Min
598.69
598.61
598.48
598.46
598.39
598.38
598.70
Range
3.24
3.27
3.36
3.38
3.44
3.45
3.23
LAKES
MICHIGAN—HURON
Mean
578.27
578.14
578.27
578.17
578.10
578.00
578.31
Max
581.16
580.93
581.20
581.02
580.87
580.72
581.17
Min
575.46
575.42
575.47
575.42
575.40
575.36
575.53
Range
5.70
5.51
5.73
5.60
5.47
5.36
5.64
L
A
K
E
E
R
I
E
Mean
570.76
570.79
570.88
570.81
570.76
570.69
570.86
Max
573.60
573.66
573.84
573.72
573.61
573.52
573.62
Min
568.10
568.06
568.09
568.07
568.05
568.02
568.31
Range
5.50
5.60
5.75
5.65
5.56
5.50
5.31
L
A
K
E
O
N
T
A
R
I
O
(without
dev
iations)
Mean
244.73
244.63
244.68
244.64
244.61
244.58
244.74
Max
249.47
248.30
248.96
248.41
248.23
247.98
249.58
Min
241.59
241.33
241.56
241.33
241.21
241.05
241.47
Range
7.88
6.97
7.40
7.08
7.02
6.93
8.11
(l)
Denotes
scenario,
including
its
identification
number,
selected
for
detailed
hydrologic
evaluation.
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Table
G—9
LO
NG
LA
C/
OG
OK
I
-
CH
IC
AG
O
- W
EL
LA
ND
CA
NA
L
CO
MB
IN
AT
IO
NS
(W
IT
HO
UT
A
TR
IG
GE
R)
LA
KE
LE
VE
LS
(FE
ET)
 
LL/
O 5
600
LL/
O
500
0
LL/
O 5
600
Bas
is-
of—
CHI
320
0
CHI
320
0
CHI
320
0
Com
par
iso
n
WEL
L
700
0
WEL
L
940
0
WEL
L
940
0
(ll
)
(12
)
(13
)
LA
KE
SU
PE
RI
OR
Mea
n
600
.44
600
.46
600
.42
600
.44
Max
601
.93
601
.95
601
.93
601
.95
Min
598
.69
598
.73
598
.66
598
.72
Ran
ge
3.2
4
3.2
2
3.2
7
3.2
3
LAK
ES
MIC
HIG
AN-
HUR
ON
Mea
n
578
.27
578
.31
578
.22
578
.26
Max
581
.16
581
.19
581
.10
581
.14
Min
575
.46
575
.50
’
575
.42
575
.47
Ran
ge
5.7
0
5.6
9
5.6
8
5.6
7
LAKE
ERIE
Mea
n
570
.76
570
.78
570
.64
570
.67
Max
573
.60
573
.63
573
.49
573
.52
Min
568
.10
568
.12
567
.97
568
.00
Ran
ge
5.5
0
5.5
1
5.5
2
5.5
2
LA
KE
ON
TA
RI
O
(wi
tho
ut
dev
iat
ion
s)
Mea
n
244
.73
244
.75
244
.73
244
.75
Max
249
.47
249
.60
249
.42
249
.62
Min
241
.59
241
.69
241
.59
241
.69
Ran
ge
7.8
8
7.9
1
7.8
3
7.9
3
(1)
Den
ote
s s
cen
ari
o,
inc
lud
ing
its
ide
nti
fic
ati
on
num
ber
,
sel
ect
ed
for
det
ail
ed
hyd
rol
ogi
c e
val
uat
ion
.
   
 2.1.1
Long
Lac/Ogoki
Diversions
Table
G-l
shows
the
extreme
levels
which
would
have
occurred
on
the
Great
Lakes
had
the
Long
Lac/Ogoki
Diversions
never
been
in
existence.
The
table
shows
the
effect
of
these
diversions
individually
reduced
to
zero
and
in
combination
with
the
other
two
major
diversions
reduced
to
zero.
Scenario
(1)
shows
a
reduction
in
the
extreme
values
and
an
increase
in
the
range
of
levels
on
each
lake.
In
combination
with
the
other
two
diversions
reduced
to
zero,
Scenario
(4),
it
shows
an
increase
in
the
range
of
levels
on
each
lake,
except
Lakes
Erie
and
Ontario.
This
scenario
also
shows
a
reduction
in
the
minimum
levels
on
all
lakes,
except
for
Lake
Erie.
The
impact
on
the
maximum
levels
varies,
increasing
on
Lakes
Michigan-Huron
and
Erie,
while
decreasing
on
Lakes
Superior
and
Ontario.
Table
6-2
shows
the
extreme
levels
which
would
occur
on
the
Great
Lakes
had
the
diversions
from
the
Long
Lac/Ogoki
been
reduced
to
zero
or
to
a
rate
of
2,500
cfs,
during
periods
of
above
normal
water
supply
within
the
system.
The
table
shows
a
general
compression
of
the
range
of
levels
(except
for
Lake
Superior)
with
a
lowering
of
the
maximum
and
minimum
levels
in
comparison
to
those
under
the
basis-of-comparison.
The
lowering
of
the
maximum
level
(except
for
Lake
Superior)
would
be
greater
than
the
impact on the minimum level.
These
effects
are
also
generally
true
for Long
Lac/Ogoki
impacts
evaluated
in
combination
with
changes
in
the
rates
of
diversion
at
the
Lake
Michigan
diversion
at
Chicago
and
at
the Welland
Canal
(see Tables
G-3
through G-8).
Table G-9 shows
the impact of the actual average annual Long
Lac/Ogoki
Diversions
rate
in
comparison
to
the
rate
assumed
under
the
basis-of—comparison.
The
table
shows
that
the
extremes
and
average
levels
would
be
higher
as
a—reSult
of
the
additional
600
cfs.
The
maximum
impact
of
this
increase
is
felt on Lake Ontario,
due
to
regulation,
which
imposed
restrictions
on
maximum
and
minimum
outflow
releases.
2.1.2 Lake Michigan Diversion at Chicago
Table
G-l
shows
the
extreme
levels
which
would
have
occurred
on
the Great Lakes had the Lake Michigan Diversion at Chicago never come into
being,
identified
as
Scenario
3.
The
table
shows
that
the
individual
effect of this diversion, had it not been in existence, is to raise the
mean
levels
and
extreme
levels
of
all
of the
Great
Lakes,
the
greatest
effect being on the maximum level of Lakes Michigan-Huron.
However, the
greatest
effect
on
the
extreme
levels
is
on Lake
Ontario.
This
is due
to
the method of regulation on that lake.
When placed in combination with the
other diversions,
that is, reducing all diversions to zero,
the impact
is
moderated or balanced somewhat.
Table G-Z shows the extreme levels of the Great Lakes which would
occur
had
the
diversion
from Lake
Michigan
been
reduced
from
the
present
rate to zero or increased from the present rate to an average annual value
of 8,700 cfs,
during periods of above normal supply within the system.
The
table shows that the maximum levels on Lake Superior would be affected very
little by any of the actions depicted,
but the minimum and range would be
G-ll
 
  
af
fe
ct
ed
.
On
al
l
la
ke
s
do
wn
st
re
am
fr
om
thi
s
po
in
t
(in
the
ca
se
of
an
inc
rea
sed
div
ers
ion
)
the
ran
ge
of
lev
els
wou
ld
be
dec
rea
sed
.
In
eac
h
of
the
se
lak
es
the
imp
act
on
the
max
imu
m
lev
el
wou
ld
be
gre
ate
r
tha
n
the
imp
act
on
the
min
imu
m l
eve
l.
The
se
fac
ts
are
als
o g
ene
ral
ly
tru
e
for
the
La
ke
Mi
ch
ig
an
Di
ve
rs
io
n
in
co
mb
in
at
io
n
wi
th
ch
an
ge
s
in
ra
te
s
at
the
ot
he
r
maj
or
div
ers
ion
s,
Lon
g L
ac/
Ogo
ki
and
Wel
lan
d C
ana
l,
(se
e T
abl
es
G-3
thr
oug
h
G-
8)
.
Al
l
sc
en
ar
io
s
on
th
es
e
ta
bl
es
sh
ow
tha
t
if
the
La
ke
Mi
ch
ig
an
Div
ers
ion
at
Chi
cag
o w
ere
red
uce
d t
o z
ero
the
eff
ect
wou
ld
be
to
rai
se
the
Great Lakes regime of levels.
2.1.3 Welland Canal Diversion
Re
fe
rr
in
g
to
Ta
bl
e
G-l
,
Sc
en
ar
io
2
sh
ow
s
the
ef
fe
ct
s
on
the
Gr
ea
t
Lak
es
lev
els
if
it
is
ass
ume
d t
hat
thi
s d
ive
rsi
on
had
nev
er
bee
n i
n
ex
is
te
nc
e.
Th
e
ta
bl
e
sh
ows
ve
ry
li
tt
le
im
pa
ct
on
La
ke
On
ta
ri
o,
wi
th
the
max
imu
m
imp
act
on
Lak
e
Eri
e
and
dim
ini
shi
ng
imp
act
s
ups
tre
am.
The
lit
tle
imp
act
sho
wn
on
Lak
e
Ont
ari
o
is
due
to
the
nat
ura
l
bal
anc
ing
on
Lak
e
Eri
e;
i.e
.,
as
the
lak
e
ris
es,
wat
er
out
flo
ws
inc
rea
se.
Whe
n
the
ult
ima
te
eff
ect
is
rea
che
d,
the
out
flo
w
is
the
sam
e
as
giv
en
by
the
sta
ge/
dis
cha
rge
rel
ati
ons
hip
of
the
Nia
gar
a R
ive
r
plu
s
the
Wel
lan
d
Can
al
out
flo
w.
As
in
the
sc
en
ar
io
s
di
sc
us
se
d
ab
ove
,
the
im
pa
ct
of
the
cl
os
ur
e
of
the
We
ll
an
d
Can
al
wou
ld
be
mod
era
ted
som
ewh
at
by
pla
cin
g
thi
s
sce
nar
io
in
com
bin
ati
on
wi
th
the
cl
os
ur
e
of
the
ot
he
r
di
ve
rs
io
ns
.
Tab
le
G-3
sho
ws
the
ext
rem
e
lev
els
of
the
Gre
at
Lak
es
whi
ch
wou
ld
occ
ur
had
the
Wel
lan
d
Can
al
div
ers
ion
bee
n
inc
rea
sed
to
9,0
00
cfs
fro
m
7,
00
0
cfs
,
du
ri
ng
pe
ri
od
s
of
hi
gh
wa
te
r
su
pp
li
es
to
the
la
ke
s.
Th
e
ta
bl
e
sho
ws
tha
t
the
max
imu
m
lev
els
of
Lak
e
Eri
e w
oul
d
be
low
er
by
0.1
0
foo
t
wit
h
le
ss
er
im
pa
ct
s
on
the
ot
he
r
lak
es.
Al
so
sh
ow
n
in
th
is
ta
bl
e
an
d
in
Ta
bl
es
6-7
and
8 a
re
the
imp
act
s
on
the
lak
e
lev
els
if
the
Wel
lan
d
Can
al
flo
w w
as
re
du
ce
d
to
ze
ro
du
ri
ng
pe
ri
od
s
of
hi
gh
su
pp
ly
.
As
no
te
d
in
Se
ct
io
n
4,
the
Wel
lan
d
Can
al
pro
vid
es
the
onl
y
nav
iga
tio
n
rou
te
bet
wee
n
Lak
es
Eri
e
and
On
ta
ri
o
an
d
he
nc
e
th
es
e
sc
en
ar
io
s
do
no
t
pr
ov
id
e
a
vi
ab
le
al
te
rn
at
iv
e.
The
se
sce
nar
ios
wil
l n
ot
be
dis
cus
sed
fur
the
r h
ere
in.
Als
o,
sho
wn
in
Tab
le
G-
8
is
a
sc
en
ar
io
id
en
ti
fi
ed
as
(10
)
wh
ic
h
wa
s
de
ve
10
pe
d
to
re
du
ce
fl
ow
s
dur
ing
per
iod
s
of
low
wat
er
sup
ply
on
the
lak
es.
Thi
s
sce
nar
io
sho
ws
tha
t
th
e
mi
ni
mu
m
le
ve
l
on
La
ke
Er
ie
an
d
al
l
up
st
re
am
la
ke
s
wo
ul
d
be
ra
is
ed
.
Sce
nar
io
10
fur
the
r s
how
s v
ery
lit
tle
imp
act
on
the
max
imu
m l
eve
l.
Ho
we
ve
r,
th
is
is
no
t
the
ca
se
on
La
ke
On
ta
ri
o;
the
ma
xi
mu
m
wa
s
ra
is
ed
,
th
e
min
imu
m l
owe
red
and
the
ran
ge
exp
and
ed.
Tab
les
G-4
thr
oug
h 6
-8
sho
w t
he
im
pa
ct
s
of
va
ry
in
g
th
e
We
ll
an
d
Ca
na
l
fl
ow
in
co
mb
in
at
io
n
wi
th
va
ri
at
io
n
in
oth
er
div
ers
ion
rat
es.
As
has
bee
n p
rev
iou
sly
sta
ted
, v
ary
ing
div
ers
ion
s
in
co
mb
in
at
io
n
ha
s
th
e
ef
fe
ct
of
mo
de
ra
ti
ng
im
pa
ct
s.
Th
is
is
al
so
tr
ue
of
the
Wel
lan
d C
ana
l i
n c
omb
ina
tio
n w
ith
oth
er
div
ers
ion
sce
nar
ios
.
Ta
bl
e
G-
9
co
mp
ar
es
the
ex
tr
em
e
le
ve
ls
of
pr
oj
ec
te
d
(c
ur
re
nt
ly
in
eff
ect
) W
ell
and
Can
al
flo
ws
wit
h t
he
val
ues
emp
loy
ed
in
the
bas
is-
of—
com
par
iso
n.
Ref
err
ing
to
the
tab
le,
and
in
par
tic
ula
r t
he
sce
nar
io
ide
nti
fed
as
(12)
, i
t s
how
s t
hat
the
gen
era
l r
egi
me
of
the
sys
tem
wou
ld
hav
e b
een
low
ere
d a
s a
res
ult
of
thi
s a
cti
on.
In
the
sce
nar
io
ide
nti
fie
d
as (
13),
the
impa
ct w
ould
be m
oder
ated
some
what
, du
e to
the
incr
ease
d
inflow from the Long Lac/Ogoki system.
G-12
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2.2 Selected Scenarios
From
the
total
array
of
scenarios
tested,
the
following
have
been
selected
for
detailed
hydrologic
review.
a.
Four
scenarios
which
show
the
impact
of
the
existing
diversions:
Diversion
Rate
(cfs)
Scenario
1
—
Long
Lac/Ogoki
0
‘
Lake
Michigan
at
Chicago
3,200
Welland
Canal
7,000
l
Scenario
2
-
Long
Lac/Ogoki
5,000
i
Lake
Michigan
at
Chicago
3,200
Welland
Canal
0
I
Scenario
3
-
Long
Lac/Ogoki
5,000
Lake
Michigan
at
Chicago
0
Welland
Canal
7,000
Scenario
4
-
Long
Lac/Ogoki
0
Lake
Michigan
at
Chicago
0
Welland
Canal
0
b.
Five
scenarios
which
would
alter
diversion
rates
whenever
the
water
supply
to
the
upper
Great
Lakes
is
above
normal:
Diversion
Rate
(cfs)
l
‘
Scenario
5
- Long
Lac/Ogoki
0
‘
Lake
Michigan
at
Chicago
3,200
1
Welland
Canal
7,000
l
1
Scenario
6
-
Long
Lac/Ogoki
5,000
Lake Michigan at Chicago 3,200
‘
Welland
Canal
9,000
Scenario 7 - Long Lac/Ogoki
5,000
Lake Michigan at Chicago 8,700
Welland Canal 7,000
Scenario 8
- Long
Lac/Ogoki
0
Lake Michigan at Chicago 8,700
Welland Canal 7,000
Scenario
9
-
Long
Lac/Ogoki
0
Lake
Michigan
at
Chicago
8,700
Welland
Canal
9,000
G-l3
  
c.
A s
cen
ari
o w
hic
h
wou
lda
lte
r t
he
div
ers
ion
rat
es
whe
nev
er
the
water supply to the upper Great Lakes is below normal:
Scenario 10 - Long Lac/Ogoki 5,000
Lake Michigan at Chicago 3,200
Welland Canal 2,600
Thr
ee
sce
nar
ios
for
com
par
iso
n o
f t
he
cur
ren
t (
197
9)
Lon
g
Lac
/Og
oki
and
Wel
lan
d C
ana
l d
ive
rsi
ons
rat
es,
wit
h t
hos
e e
mpl
oye
d i
n t
he
basis—of-comparion:
Diversion Rate (cfs)
Scenario 11 - Long Lac/Ogoki 5,600
Lake Michigan at Chicago 3,200
Welland Canal 7,000
Scenario 12 - Long Lac/Ogoki 5,000
Lake Michigan at Chicago 3,200
Welland Canal 9,400
Scenario 13 - Long Lac/Ogoki 5,600
Lake Michigan at Chicago 3,200
Welland Canal 9,400
2.3 IJC Criteria Evaluation
As
not
ed
pre
vio
usl
y,
the
Int
ern
ati
ona
l G
rea
t L
ake
s L
eve
ls
Boa
rd
dev
elo
ped
a s
et
of
cri
ter
ia
to
fac
ili
tat
e h
ydr
olo
gic
eva
lua
tio
n o
f t
he
Gre
at
Lak
es
sys
tem
.
Usi
ng
the
se
cri
ter
ia,
the
abo
ve
13
sce
nar
ios
wer
e
eva
lua
ted
by
lak
e.
Thi
s e
val
uat
ion
is
dis
cus
sed
in
the
fol
low
ing
paragraphs.
2.3.1 Lake Superior Criteria
The
fol
low
ing
par
agr
aph
s
eva
lua
te
the
imp
act
of
the
div
ers
ion
man
age
men
t
sce
nar
ios
on
the
IJC
Ord
ers
of
App
rov
al
of
May
26
and
27,
191
4
as
com
par
ed
to
con
dit
ion
s
und
er
the
bas
is-
of-
com
par
iso
n.
All
ele
vat
ion
s
in
the
Ord
ers
of
App
rov
al
hav
e b
een
con
ver
ted
to
IGL
D (
195
5).
 
Cri
ter
ion
(a)
— T
he
Com
mis
sio
n's
Ord
ers
req
uir
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feet, and in such manner as not to interfere with navigation.
The
max
imu
m a
nd
min
imu
m m
ont
hly
mea
n l
eve
ls
of
Lak
e S
upe
rio
r,
occurring under the scenarios selected for detailed evaluation, are shown
in Table G—lO. Scenarios l to 4 are evaluations of the impact of the
basis-of—comparison diversion rates singularly and in combination. The
table shows that removing the Long Lac/0goki Diversions totally from the
system (Scenario 1) would lower the Lake Superior maximum level by 0.10
foot, the minimum by 0.81 foot and the mean by 0.19 foot; removing the
Welland Canal (Scenario 2) would raise the Lake Superior minimum level by
0.03 foot and the mean by 0.04 foot; removing the Lake Michigan Diversion
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Table c-1o
LONG LAC/OGOKI ~ CHICAGO—WELLAND CANAL COMBINATIONS
(WITHOUT A TRIGGER)
5mm 0F EXTREMES — LAKE LEVELS (FEET)
SCENARIOS
A
z
2
a
11
1_2_
12
LL/O 0
LL/O 5000
LL/O 5000
LL/O O
LL/O 5600
LL/O 5000
LL/O 5600
Basis-of-
CHI 3200
CHI 3200
CHI
0
CHI
0
CHI 3200
CHI 3200
CHI 3200
Comparison
WELL 7000
WELL 0
WELL 7000
WELL 0
WELL 7000
WELL 9400
WELL 9400
LAKE SUPERIOR
 
Mean
600.44
600.25
600.48
600.51
600. 37
600.46
600.42
600.44
Max
601.93
601.83
601.93
601.93
601.84
601.95
601.93
601.95
Min
598.69
597.88
598.72
598.75
597.99
598.73
598.66
598.72
Range
3.24
3.95
3.21
3.18
3.85
3.22
3.27
3.23
LAKES MICHIGAN-HURON
Mean
578.27
577.94
578.40
578.48
578.28
578.31
578.22
578.26
Max
581.16
580.83
581.28
581.36
581.20
581.19
581.10
581.14
Min
575.46
575.07
575.60
575.70
575.43
575.50
575.42
575.47
Range
5.70
5.76
5.68
5.66
5.77
5.69
5.68
5.67
LAKE ERIE
Mean
570.76
570.53
571.08
570.90
571.00
570.78
570.64
570.67
Max
573.60
573.37
573.91
573.75
573.84
573.63
573.49
573.52
Min
568.10
567.84
568.45
568.25
568.36
568.12
567.97
568.00
Range
5.50
5.53
5.46
5.50
5.48
5.51
5.52
5.52
LAKE ONTARIO
(without deviations)
Mean
244.73
244.53
244.73
244.83
244.67
244.75
244.73
244.75
Max
249.47
248.34
249.49
251. 29
248.98
249.60
249.42
249.62
Min
241.59
240.22
241.58
242.07
241.10
241.69
241.59
241.69
Range
7.88
8.12
7.91
9.22
7.88
7.91
7.83
7.93
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at
Chicago
(Scenario
3)
would
raise
the
Lake
Superior
minimum
level
by
0.06
foot
and
the
mean
by
0.07
foot.
The
table
further
shows
that
taking
all
three
in
combination
(Scenario
4)
would
have
a
net
effect
of
lowering
the
maximum
level
of
Lake
Superior
by
0.09
foot,
the
minimum
by
0.70
foot
and
the mean level by 0.07 foot.
Scenarios
5,
6,
7,
8 and
9 which manage
the
diversions
in
such a
way
as
to
reduce
the
water
supply
to
the
Great
Lakes,
show
that
the
maximum,
minimum
and
mean
level
would
be
lowered
by
varying
amounts.
The
maximum
hydrologic
impact
would
be
felt
under
Scenario
9;
which
reduces
the
Long
Lac/Ogoki
Diversions
to zero,
increases
the Lake
Michigan
Diversion
at
Chicago
to
8,700
cfs,
and
increases
the
outflow
from
Lake
Erie
through
the
Welland to 9,000 cfs.
Scenario
10,
which
reduces
the
flow
through
the Welland
Canal
during
periods
of
below
normal
water
Supply,
was
developed
to
determine
the
degree that
low levels could be supported;
i.e.,
permitting navigation
between
Lakes Erie
and
Ontario.
This
scenario
shows
a slight
raising
of
the
Lake
Superior
minimum
and
mean
levels
with
no
impact
on
the maximum
level.
Scenarios
ll
to
13
reflect
changes which
have
occurred
in
the
diversion
rates
since
the
beginning
of
the
study.
Scenario
13,
which
deals
with
the changes in combination,
shows
that the increased rates would have
raised
the minimum
level
of Lake
Superior
slightly
in comparison
to
the
basis-of-comparison.
Scenarios 11 and 12 show the individual
impacts.
Another
factor which
is of
considerable
importance
with
respect
to this criterion
is the frequency of OCCurrence of high and low levels.
Tables G-ll and G-12 compare the conditions under each of the scenarios
with the basis-of—comparison.
Evaluation of High Levels.
Table G-ll shows the frequency of
occurrence of levels above a Lake Superior level of 601.5 feet for each of
the scenarios.
A review of Scenarios l to 4 (comparisons of individual
diversion rates under
the basis-of-comparison)
shows an increase
in
frequency of high levels under Scenarios 2 and 3, where the outflow from
the system is reduced.
Under Scenarios l and 4 the reverse is true, where
water supply would be removed from the system.
Scenarios S, 6,
7, 8 and 9 generally show a reduction in the
frequency of occurrence of high levels, with the maximum reductions
occurring under Scenarios 8 and 9.
Both of these scenarios would reduce
the inflow from Long Lac/Ogoki to zero and increase the outflow out of Lake
Michigan to 8,700 cfs. The difference between these two scenarios is that
under Scenario 9 the Welland Canal is increased to 9,000 cfs. There would
be no impact on the
frequency of high
levels due to this action.
Scenario 10 would reduce the Welland Canal flow during periods of
low water supply.
The impact of this reduction in flow transcends the low
supply period and would slightly increase the frequency of high levels over
and above the basis-of-comparison.
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Table 6—11 (Cont.)
MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR
1900—1976
NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN
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Table 6—12
MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR
1900-1976
NUMBER OF OCCURRENCES BELOW LEVEL SHOWN
ALL MONTHS
Scenario 1 Scenario 2
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en
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io
ll
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s
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e
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y
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w
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,
du
e
to
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e
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d
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r
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pp
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th
e
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ng
La
c/
Og
ok
i
Di
ve
rs
io
ns
.
Un
de
r
Sc
en
ar
io
12
,
an
in
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se
is
sh
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n;
bu
t
Sc
en
ar
io
13
,
wh
ic
h
de
al
s
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th
th
e
di
ve
rs
io
ns
in
co
mb
in
at
io
n,
of
fs
et
s
an
d
im
pr
ov
es
up
on
th
e
lo
w
wa
te
r
situation.
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e
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e
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d
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r
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,
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so
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n
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th
e
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r
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e
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y
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w
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e
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s
sh
al
l
no
t
be
greater than 582.9 feet.
In
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e
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of
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e
L
a
k
e
S
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e
r
i
o
r
p
o
r
t
i
o
n
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th
e
s
c
e
n
a
r
i
o
s
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d
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,
ov
er
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e
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19
00
-1
97
6,
th
e
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xi
mu
m
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ls
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e
U.
S.
Sl
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e
be
lo
w
th
e
lo
ck
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e
sh
ow
n
in
Ta
bl
e
G-
13
.
G-24
  
Table G-13
MAXIMUM LEVEL - U. S. SLIP GAUGE
Scenarios
Elevation
Basis-of-Comparison
582.32
Scenario
1
582.00
Scenario
2
582.43
Scenario
3
582.50
Scenario 4
582.32
Scenario
5
582.05
Scenario 6
582.33
Scenario 7
582.14
Scenario 8
582.00
Scenario
9
581.95
Scenario 10
582.34
Scenario 11 582.36
Scenario 12 582.29
Scenario 13
582.32
Criterion b has
therefore
been
satisfied
by
all
scenarios.
Criterion (c) — The maximum Open-water (May-November) outflow
from
Lake
Superior
shall
not
exceed
65,000
cfs,
plus
16 gates
of
the
Compensating Works open.
This maximum limitation was also applicable under
the basis-of-comparison.
Table G-14 compares the results of the scenarios presented herein
with those of the basis-of-comparison and indicates that this criterion has
been satisfied by all the scenarios presented.
Criterion (d) - The maximum winter outflow (December-April) from
Lake Superior shall not be greater than 85,000 cfs.
This maximum
limitation was also applicable under the basis-of-comparison.
Table G-15 shows that this criterion has been generally satisfied
by all scenarios presented.
Criterion (e) - The minimum outflow from Lake Superior shall not
be less than 55,000 cfs.
Table G—l6 compares the frequency of occurrences of flows less
than 65,000 cfs under each of the scenarios and the basis-of-comparison.
It shows that all scenarios would satisfy this requirement. However, it
shOuld be noted that those
scenarios which reduce the water Supply within
the system would increase
the frequency of minimum flows.
An additional requirement contained in the May 26-27, 1914 Orders
of Approval, states:
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Lake Superior CRITERION (c)(Cont.)
 
Monthly
Mean Flow
(Thousands of
cfs)
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Basis-of—
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Table G—l4 (Cont.)
MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
MAY—NOVEMBER 1900-1976
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN
Scenario 5 Scenario 6 Scenario 7
LL/O 0 LL/O 5,000
LL/O 5,000
CHI. 3,200 CHI. 3,200
CHI. 8,700
WELL. 7,000 WELL. 9,000
WELL. 7,000
29
41
38
50
68
64
69
96
85
110
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129
122,000
123,000
123,000
Scenario 8
LL/O
0
CH1.
8,700
WELL.
7,000
24
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122,000
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Table
6—15
MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
DECEMBER-APRIL 1900-1976
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN
Scenario 1
Scenario 2
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WELL.
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86,000
87,000
Scenario
3
LL/O
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0
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Monthly
Mean Flow
(Thousands of
cfs)
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Table 6—15 (Cont.)
MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
DECEMBER—APRIL 1900-1976
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN
Scenario
9
LL/O
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WELL.
0
8,700
9,000
Scenario 10
LL/O
CHI.
WELL.
5,000
3,200
2,600
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6
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2
5
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2
7
4
2
86,000
Scenario ll
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CHI.
WELL.
._—.._,_,
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26
4
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3,200
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Scenario 12
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Scenario 13
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Lake Superior CRITERION (e)(Cont.)
Monthly
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Outflow
 
‘
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Table G—16 (Cont.)
MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
NUMBER OF OCCURRENCES BELOW OUTFLOW SHOWN
Scenario
6
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9,000
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k
e
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e
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o
r
,
a
n
d
w
i
l
l
f
i
x
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a
m
O
u
n
t
s
of
S
uc
h
r
e
d
u
c
t
i
o
n
s
;
provided,
that
wh
e
n
e
ve
r
the
m
o
n
t
h
l
y
m
e
a
n
level
of
the
lake
is
less
t
h
a
n
6
0
2
.
1
(
6
0
0
.
5
I
G
L
D
1955)
a
b
o
v
e
s
a
i
d
m
e
a
n
tide,
the
total
d
i
s
c
h
a
r
g
e
p
e
r
m
i
t
t
e
d
shall
be
no
g
r
e
a
t
e
r
t
h
a
n
that
w
h
i
c
h
it
w
o
u
l
d
h
a
v
e
b
e
e
n
at
the
prevailing
stage
and
under
the
discharge
conditions
w
h
i
c
h
o
b
t
a
i
n
e
d
p
r
i
o
r
to
1887;
p
r
o
v
i
d
e
d
f
ur
t
h
e
r
,
b
e
f
o
r
e
any
flow
of
primary
water
on
either
side
of
the
river
is
reduced,
the
use
of
all
s
e
c
o
n
d
a
r
y
wa
t
e
r
shall
be
discontinued."
This
requirement
could
not
be
evaluated
because
it
would
depend
upon
d
i
s
c
r
e
t
i
o
n
a
r
y
a
c
t
i
o
n
of
the
I
n
t
e
r
n
a
t
i
o
n
a
l
Lake
S
up
e
r
i
o
r
Board
of
Control
and
a
definition
of
unduly
low
stages.
2
.
3
.
2
L
a
k
e
s
M
i
c
h
i
g
a
n
-
H
u
r
o
n
C
r
i
t
e
r
i
a
The
following
paragraphs
give
the
evaluation
of
effects
of
the
various
scenarios
on
Lakes
Michigan-Huron,
employing
criteria
formulated
by
the
IGLLB
for
this
purpose:
Criterion
(a)
-
Consistent
with
other
requirements,
reduce
the
frequency
of
occurrence
of
high
Lakes
Michigan-Huron
levels.
Table
G-l7
compares
the
maximum
level
and
the
frequency
of
occurrence
of
levels
above
level
579.0
feet,
under
the
various
scenarios
evaluated
in
this
study.
Scenarios
l,
2,
3
and
4
evaluate
the
impact
of
the
present
diversion
rates
singularly
and
in
combination.
Table
G-l7
shows
that
reducing
the
Long
Lac/Ogoki
Diversions
to
zero
(Scenario
1)
throughout
the
period
of
record
reduces
the
maximum
level
of
Lakes
Michigan—Huron
by
0.33
foot
and
reduces
the
frequency
of
occurrence
of
levels
above
579.0
feet
by
37
percent;
Lake
Michigan
Diversion
at
Chicago
reduction
(Scenario
3)
would
increase
the
maximum
level
by
0.20
foot
and
would
increase
the
frequency
of
occurrence
of
high
levels
by
24
percent;
and,
the
Welland
Canal
reduction
(Scenario
2)
would
cause
the
lake
to
rise
by
0.12
foot
and
increases
the
frequency
of
high
levels
by
16
percent.
However,
taking
these
reductions
in
combination
(Scenario
4)
causes
the
maximum
level
to
rise
only
0.04
foot
with
very
little
impact
on
the
frequency
of
occurrence
of
high
levels.
Under
Scenarios
5,
6,
7,
8
and
9
the
maximum
level
and
the
frequency
of
occurrence
of
high
levels
on
Lakes
Michigan-Huron
would
be
reduced.
The
maximum
lowering
would
occur
under
Scenarios
9.
Scenario
10
is
an
intermediate
condition
under
the
Welland
Canal
alternative,
and
it
raises
the
high
levels
of
Lakes
Michigan-Huron
and
would
increase
the
frequency
of
occurrence
of
these
levels
through
backwater
from
Lake
Erie.
Scenarios
11,
12
and
13
evaluate
the
basis-of-comparison
rates
against
those
which
currently
exist.
Table
G-17
indicates
that
the
6-35
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Monthly
Mean Level
(Feet)
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580.6
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l
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—
Comgarison
17
3
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MONTHLY
MEAN WAT
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N
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EL SHO
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Scen
ario
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Table 6-17 (ConL.)
Scenario 6
1
3
33
6
7
139
249
581
.10
Scenario 7
LL/O
5,000
CH1. 8,700
WELL. 7,000
39
9
8
191
580.86
Scen
ario
8
LL/O
0
CH1.
8,700
WELL.
7,000
12
2
9
5
7
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1
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deviation
in
the
Long
Lac/Ogoki
Diversions
from
the
basis-of-comparison
average
has
raised
(Scenario
11)
the
levels
of
Lakes
Michigan-Huron,
while
the
deviation
occurring
in
the
Welland
Canal
has
lowered
(Scenario
12)
the
levels.
In
combination
the
two
effects
are
offset.
This
is
due
to
the
fact that the net effect of reducing the three diversions
from 5,600;
3,200
and
9,400
cfs
to
5,000;
3,200
and
7,000
cfs
increases
the
water
supply
in
the system.
Criterion
(b)
- Consistent
with
other
requirements,
reduce
the
frequency
of
occurrence
of
low
Lakes
Michigan-Huron
levels,
especially
during
the navigation
season
(April:November).
Table
G-18
presents
the
results
of
the
tests
of
the
various
scenarios over the evaluation period under criterion (b).
Scenarios 1, 2,
3 and 4
evaluate
the
impacts
of
the
individual
diversions
singularly and
in
combination.
The table shows
a lowering caused by reducing the Long
Lac/Ogoki
Diversions
to
zero,
and
a
raising
of
the
levels
by reducing
the
Lake Michigan and Welland Canal Diversions to zero.
The net effect shows a
slight
lowering
of
the minimum value,
but
a reduction
(Scenario 4)
in
the
occurrence of levels below low water datum (LWD).
Scenarios 5, 6, 7, 8 and 9 would all lower
the minimum level and
increase the frequency of levels below LWD.
The maximum impact would occur
under Scenario 9, where
the minimum level would be lowered 0.15 foot.
During the navigation season, levels below LWD are increased 75 percent.
Scenario 10, which reduces the flow through the Welland Canal
during periods of low supply, increases the minimum level and reduces the
frequency of the low level (below LWD) by 15 percent.
Table G-18 shows that under Scenarios 11, 12, and 13 the
increased flow from Long Lac/Ogoki (Scenario 11) provides
benefits to
navigation by raising the minimum levels and by reducing the frequency of
occurrence of low levels.
However, this benefit is lost when the Welland
Canal flow is increased (Scenario 12), but balanced when both these
increases are taken in combination (Scenario 13).
2.3.3 Lake Erie Criteria
The following paragraphs give the evaluation of effects of the
various scenarios on Lake Erie, employing criteria formulated for this
purpose:
Criterion (a) - Consistent with other requirements, reduce the
frequency of occurrence of high Lake Erie levels.
Table G-19 presents the results of the testing of the various
scenarios over the historic water supply period under criterion (a). The
table shows that the individual effect (Scenario 1) of reducing the Long
Lac/Ogoki Diversions to zero is to lower the high levels of Lake Erie 0.23
foot and reduce the frequency of levels above 572.0. However, taking this
reduction in combination with the reduction of the Lake Michigan Diversion
at Chicago and the Welland Canal results in a net increase in levels
(Scenario 4). Scenarios 2 and 3 reflect the individual impacts of these
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Lake Erie CRITERION (a) Table 6-19
MONTHLY MEAN WATER LEVELS OF LAKE ERIE
1900—1976
NUMBER OF OCCURRENCES ABOVE LEVELS SHOWN
Scenario 1 Scenario 2 Scenario 3 Scenario 4
LL/O 0 LL/O 5,000 LL/O 5,000 LL/O
0
Monthly Basis—of- CHI. 3,200 CHI. 3,200 CHI. 0 CHI. 0
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1900—1976
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MONTHLY MEAN WATER LEVELS OF LAKE ERIE
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Lake Ontario CRITERION
(a)
Table C-21
0
MONTHLY MEAN
OUTFLOWS FRO
M ST. LOUIS
APRIL 1 — DECEMBER 15 (1900 ~ 1976)
NUMBER OF OCCURRENCES B
ELOW FLOW SHOWN
Scenario 1
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LL/O 0
LL/O 5,000
LL/O 5,000
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CHI. 3,200
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0
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Lake Ontario CRITERION (a)(Cont.)
Table G—21 (Cont.)
MONTHLY MEAN OUTFLOWS FROM ST. LOUIS
APRIL 1 — DECEMBER 15 (1900 - 1976)
NUMBER OF OCCURRENCES BELOW FLOW SHOWN
 
Scenario 9 Scenario 10 Scenario 11 Scenario 12 Scenario 13
LL/O 0 LL/O 5,000 LL/O 5,600 LL/O 5,000 LL/O 5,600
Basis—of— CHI. 8,700 CHI. 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
Outflow
Comgarison WELL, 9,000 WELL. 21600 WELL. 7,000 WELL. 9,400 WELL. 9,400
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Period
Dec. 15 - 31
January
February
March
 
Basis—of—
ComBarison
MIN.
210
210
207
204
AVG.
224
215
228
234
Table
G—22
WINTER OUTFLOWS
FROM LAKE
ONTARIO
(1900—1976)
(IN THOUSANDS OF CUBIC FEET PER SECOND)
Scenario
1
LL/O
0
CHI.
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WELL.
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MIN. AVG.
260
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220
210
214
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207
225
280
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Scenario 2
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WELL.
0
 
MAX.
MIN. AVG.
260
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215
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207
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Scenario
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0
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AVG.
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0
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0
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0
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0
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0
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0
21
0
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0
21
0
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0
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Lake Ontario CRITERION (b)(Cont.)
Table 0-22 (Cont.)
WINTER OUTFLOWS FROM LAKE ONTARIO (1900—1976)
(IN THOUSANDS OF CUBIC FEET PER SECOND)
 
Scenario 9 Scenario 10 Scenario ll Scenario 12 Scenario 13
LL/O 0 LL/O 5,000 LL/O 5,600 LL/O 5,000 LL/O 5,600
Basis—of— CHI. 8,700 CHI. 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
ComParison WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
Period
MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG.
Dec. 15 — 31 260 210 224 260 210 223 287 188 226 260 210 225 260 210 224 260 210 225
January
220 210 215 220 210 214 255 185 217 220 210 215 220 210 215 220 210 215
February 260 207 228 260 207 225 285 182 228 260 207 229 260 207 228 260 207 229
March
280 204 234 280 204 229 300 179 234 280 204 234 280 204 234 280 204 234
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Lake Ontario CRITERION (c)(Cont.)
Table 6—23 (Cont.)
MEAN MARCH OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN
Scenario 5
Scenario 6
Scenario 7
Scenario 8
LL/O
0
LL/O
5,000
LL/O
5,000
LL/O
0
Basis-of—
CHI.
3,200
CHI.
3,200
CHI.
8,700
CHI.
8,700
Outflow
ComEarison
WELL.
7:000
WELL.
92000
WELL.
72000
WELL.
7,000
(Thousands
of CFS)
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17
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15
260
12
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9
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7
6
7
6
6
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0
0
0
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0
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0
0
Maximum
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MEAN FIRST HALF APRIL OUTFLOWS FROM LAKE ONTARIO (1900—1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN
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 the frequency of high flows will increase.
If water is prevented from
reaching the system (Scenario 1), the frequency would be reduced.
Scenario
4, which reflects the net impact of the Lake Michigan Diversion at Chicago
(+3,200) and Long Lac/Ogoki Diversions (-5,000), shows a reduction in
frequency. .
Scenarios 5, 6, 7, 8 and 9 generally duplicate or lower the
number of occurrences of high flow.
As a result, diversion management
would provide some relief to downstream interests, (Scenario 8 provides
maximum lowering).
Scenario 10, which reduces the flow thrOugh the Welland
Canal during periods of low supply, shows that as water is retained in the
system the frequency of high flows will increase. Scenarios 11, 12 and 13
(comparison of basis-of—comparison against the 1979 rates) show an increase
in the frequency as a net effect (Scenario 13).
Criterion (d) - The regulated outflow from Lake Ontario during
the annual flood discharge from the Ottawa River shall not be greater than
the discharge that would have occurred assuming supplies of the past as
adjusted.
This criterion is included to protect the riparian interests on
Lake St. Louis, in Montreal Harbour, and on the river downstream. Past
records show that the maximum level of Lake St. Louis each year, influenced
to a significant extent by the flood flow of the Ottawa River, has occurred
abOut 60 percent of the time in the month of May, with the remainder of the
occurrences of seriously high conditions in April and June. Table 8-24
indicates the extent to which this criterion has been met by the various
scenarios presented herein.
As noted above, the outflow from Lake Ontario is restricted to
fixed maximum rates under Plan 1958-D. Hence, during April, May and June
the maximum outflow from Lake Ontario produced under the various scenarios
are identical to the basis-of—comparison. However, as in the case of the
evaluation under the criterion (c), the frequency of occurrence of high
flows would be affected. In general, under scenarios which retain water in
the system (those scenarios which reduce the Lake Michigan Diversion at
Chicago) the frequency is increased, while those scenarios which reduce
water Supplies (reduction of Long Lac/Ogoki Diversions to zero) would
reduce the frequency of occurrence of high flows. The evaluation of the
net effect (Scenario 13) of the basis-of—comparison against the 1979
diversion rates shows a slight increase in the frequency of high outflows.
In general, the frequency of high outflows from Lake St. Louis follows the
same pattern. However, the maximum values are affected somewhat, due to
I the timing and residual effect of upstream diversion alterations.
Criterion (e) - Consistent with other requirements, the minimum
regulated outflows from Lake Ontario shall be such as to secure the max1mum
dependable flow for power.
Table 6-25 shows the minimum releases occurring under each of the
scenarios evaluated. The table shows some minor variation between
scenarios. These variations are caused by a residual effect on water
reaching Lake Ontario by alteration in the diversion rates. In all cases,
the releases are in accordance with Plan 1958-D.
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Lake Ontario CRITERION (d)(Cont.)
Table 0—24 (Cont.)
 
OutFlow
(Thousands
of CFS)
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Maximum
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MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO AND LAKE ST. LOUIS
APRIL, MAY AND JUNE (1900-1976)
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN
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Outflow
(Thousands
of CFS)
January
February
March
April
May
June
July
August
September
October
November
December
Mean (All Months)
Mean (0ct.—Mar. Incl.)
Basis-of—
ComEarison
210
207
204
188
188
193
200
201
201
194
198
210
199.50
203.83
Table G—ZS
MINIMUM MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO
IN THOUSANDS OF CFS (1900—1976)
Scenario 1
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 Lake Ontario CRITERION (e)(Cont.)
Table G-ZS (Cont.)
MINIMUM MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO
IN THOUSANDS OF CFS (1900-1976)
 
Scenario 9
Scenario lO
Scenario ll
Scenario 12
Scenario 13
LL/O
0
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Outflow
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Table
6-29
LAKE ONTARIO WATER LEVELS
MINIMUM 1 APRIL & MINIMUM MONTHLY MEAN APRIL—NOVEMBER
Lake Ontario CRITERION (j)
PLAN
.
MINIMUM 1 APRIL
241.90
LL/O
0
CH1. 3,200
WELL. 7,000
240.42
LL/O 5,000
CHI. 3,200
WELL.
0
241.89
LL/O 5,000
CHI.
0
WELL. 7,000
242.44
LL/O
0
CH1.
0
WELL.
0
241.36
LL/O
0
CH1. 3,200
WELL. 7,000
241.46
LL/O 5,000
CHI. 3,200
WELL. 9,000
241.83
LL/O 5,000
CHI. 8,700
WELL. 7,000
241.47
LL/O
0
CH1. 8,700
WELL. 7,000
241.00
LL/O
0
CHI. 8,700
WELL. 9,000
241.00
LL/O 5,000
CHI. 3,200
WELL. 2,600
241.78
Scenario 11
LL/O 5,600
CHI. 3,200
WELL. 7,000
242.01
Scenario 12
LL/O 5,000
CHI. 3,200
WELL. 9,400
241.90
Scenario l3 LL/O 5,600 CHI. 3,200 WELL. 9,400
242.01
Basis of Comparison
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
Scenario
v
—
I
N
M
Q
‘
V
‘
I
O
N
C
D
O
‘
Scenario
0H
Scenario
MINIMUM MONTHLY MEAN APR-NOV
242.31
240.81
242.30
242.87
241.77
241.81
242.24
241.88
241.41
241.41
242.19
242.43
242.31
242.43
  
G
-
7
6
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CR
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N
Stage
67
.0
66.5
66
.0
65
.5
65
.0
MI
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M
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.
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LO
W
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R
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,
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,
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,
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R
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—1
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6
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W
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E
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N
Sc
en
ar
io
1
Sc
en
ar
io
2
Sc
en
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3
LL
/O
0
LL
/O
5,
00
0
LL
/O
5,
00
0
Ba
si
s—
of
—
CH
I.
3,
20
0
CH
I.
3,
20
0
CH
I.
0
Co
mg
ar
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on
WE
LL
.
7,
00
0
WE
LL
.
0
WE
LL
.
72
00
0
 
77
97
77
65
36
47
36
34
8
l7
8
6
0
2
0
0
0
0
0
0
65
.5
5
65
.3
5
65
.5
5
65
.6
5
Sc
en
ar
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4
LL
/O
CH
I.
WE
LL
.
81
39
65.
46
0
0
0
  
SUPPLEMENTAL CRITERION (Cont.)
Stage
67.0
66.5
Table 6-30 (Cont.)
LAKE ST. LOUIS LOW WATER LEVELS
JUNE, JULY, AUGUST, SEPTEMBER
1900-1976
NUMBER OF MONTHS BELOW VALUE SHOWN
Scenario 5
Scenario 6
LL/O
0
LL/O 5,000
Basis-of—
CHI. 3,200
CHI. 3,200
ComEarison
WELL.
7,000
WELL.
9,000
77 84 74
36
39
'
36
Scenario 7
LL/O
5,000
CHI.
8,700
WELL.
71000
8
6
40
Scenario 8
LL/O
0
CHI.
8,700
WELL.
72000
96
51
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Table
6-31
COASTAL mm: EVALUATION
(Anmal Val
ue in $1000
)
Scenarios
 
6
7
a
_
12
u
1_2
a
LL/O_ 0 (c) LL/O 0 (t) LL/O 5000(c) LL/O 5000(c) LL/O 0 (t) LL/O 0 (t) LL/O 5000(c) LL/O 5600(c) LL/O 5000(c) LL/O 5600(c)
CHI 3200(c) CHI 3200(c) CHI 3200(c) CHI 8700(t) CHI 87000:) CHI 8700(t) CHI 3200(c) CHI 3200(c) CHI 3200(c) CHI 3200(c)
HELL 7000(c) HELL 7000(c) HELL 9000(t) HELL 7000(c) 7000(c) HELL 9000(t) HELL 2600(t) HELL 7000(c) HELL 9400(c) WELL 9400(c)
U.S. CAN U.S. CAN U.S. CAN U S CAN
U.S. CAN 11.5. CAN U CAN U.S. CAN
0
1
I
n
a
 
3
|
3
  
LAKE S
UPERIO
R
Eros1on
64 -
31 —
Inundation
79 -
41 -
Pumping
-3 -5
-1 -2
Subtotal
140 -5
71 -2
LAKE M
ICHIGA
N
Erosion
574 -
331 -
39 -
359 -
663
Inundatlon
216 -
132 -
16 -
143 -
259
Pumping (a) -101 -
-48 - -5 -
-52 - -100
Subtotal
689 -
415 -
50 -
450 -
822
LAKE
HURON
Etoﬂion 215 30
127 17 16 2
137 16 250 34
261 34 -24 —3
~27 -3 29
Inundatlon 270 43
175 33 22 5
190 33 336 53
350 53 -27 -4
-25 —6 41
3
6
-1
-5
'10
0
-15
-7 — 5 — —2 -
—1 3 — 5 - -5 —
0 1 0 -1 0 0
-20 1 10 -1
—7 0
31 -
67 -
73
0 -1 -2 -2
-4 -2
0 52 -2 115 -4 115
0
0
0
0
1
.
7
7
I
N
N
I
Q
692
271
-106
857
-63 - -72 - 77 -
~23 - -27 - 32 -
12 - 1 1 - -12 -
-74 - -88 - 97 -
l
o
a
o
o
II
—
1
—
4
m
u
:
pumping — — —24 - ~46 - ~49 -
Subtotal 485 25
302 28 38 4
327 25 586 41
611 38 -51
LAKE ST. CLAIR
Erosion 48 - 29 - 8 - 32 - 57 - 64 - -12 - -7 - 16 - 1O -
Inundatian 217 194 154 146 47 48 172 147 294 250 323 262 -26 ~21 -28 -27 69 68 42 43
Pumping - - - -
‘
Subtotal 265 194 183 146 55 48 204 147 351 250 387 262 -38 ~21 -35 ~27 85 68 52 43
MIG
ERIE
Erosion 582 19 347 10 167 5 384 10 699 22 834 25 -175 -7 -79 -3 281 9 214 7
Inundation 679 98 386 64 184 32 423 65 780 121 928 137 -233 -24 -82 -12 340 49 259 38
Pumping -61 -19 '30 -10 -13 -4 ’32 -10 -61 -19 -74 -23 28 8 7 2 '31 ~10 -23 -7
Subtotal 1,200 98 703 64 338 33 775 65 1,418 124 1,688 139 -380 -23 -154 -13 590 48 450 38
LA“ ONTARIO
Erosion 685 65 574 50 10 -3 589 51 799 75 799 74 -90 -9 -101 -10 27 2 -107 -10
Inundacion 357 521 298 464 4 -29 327 486 431 581 429 577 -48 —92 -52 -109 16 34 -58 -132
Pumping -3 -63
-2 -2 5 - 3
-2 -2 5 -3 -57
-
0
Subtotal 1,03 523 870 489 14 -29 914 512 1,227 599 1,225 597 ~138 -98 -153 -113 43 36 -165 -136
ST. MHKENCE
Inundncion - 145
- 116 - 28
- 110 - 81
- 102 - 14
- -20 -
-2 < -20
«
n
u
n
-52 -3 70
TOTAL mum-rs
ErooLon 2,168 111. 1,439 77 242 I. 1,523 77 2,518 131 2,599 133 -369 -19 -z93 —16 435 15 124 —2
Inundation 1,818 1,001 1,135 823 27s a!» 1,286 841 2,167 1,035 2,374 1,131 -367 -127 -227 -174 503 157 248 -o9
Pumping -168 -135 -81 -59 ~18 -4 -87 -61 -166 —126 -185 -130 1.0 17 18 15 ~43 -1a -23 -2
Total 3,818 930 2,544 641 499 at. 2,722 857 4,519 1,091 11,303 1,134 —e95 -129 -502 —175 995 152. 37.9 -73
Grand Total 4,793 3,335 583 3,579 5,610 6,017 —azs -677 1,019 276
(a) Lake H
uron pulpin
g coat incl
uded withL
ake Michip
n
(c) Co
ntiruou
s
(t)
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tri
gge
r
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b
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S
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b
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i
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o
n
.
H
o
w
e
v
e
r
,
t
h
i
s
s
c
e
n
a
r
i
o
w
0
u
l
d
s
t
i
l
l
p
r
o
d
u
c
e
l
o
s
s
e
s
t
o
C
a
n
a
d
a
w
i
t
h
th
e
m
a
j
o
r
i
t
y
o
f
t
h
a
t
l
o
s
s
b
e
i
n
g
o
n
L
a
k
e
O
n
t
a
r
i
o
.
U
n
d
e
r
t
h
i
s
s
c
e
n
a
r
i
o
a
l
o
s
s
w
o
u
l
d
a
l
s
o
o
c
c
u
r
t
o
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
c
o
a
s
t
a
l
z
o
n
e
i
n
t
e
r
e
s
t
s
o
n
L
a
k
e
s
Superior and Ontario.
3.2 Navigation
T
a
b
l
e
6
-
3
2
p
r
o
v
i
d
e
s
t
h
e
i
m
p
a
c
t
s
o
n
n
a
v
i
g
a
t
i
o
n
b
y
c
o
u
n
t
r
y
f
o
r
t
h
e
y
e
a
r
s
19
85
,
2
0
0
0
a
n
d
2
0
3
5
.
T
h
e
e
v
a
l
u
a
t
i
o
n
s
a
r
e
b
a
s
e
d
o
n
a
n
8
-
1
/
2
p
e
r
c
e
n
t
i
n
t
e
r
e
s
t
r
a
t
e
a
n
d
a
n
i
n
c
r
e
a
s
e
i
n
t
h
e
p
r
i
c
e
o
f
f
u
e
l
o
f
f
i
v
e
p
e
r
c
e
n
t
g
r
e
a
t
e
r
t
h
a
n
th
e
r
a
t
e
of
i
n
f
l
a
t
i
o
n
fo
r
th
e
f
i
r
s
t
t
w
e
n
t
y
y
e
a
r
s
o
f
p
r
o
j
e
c
t
l
i
f
e
(
1
9
8
5
-
2
0
0
5
)
.
T
h
e
t
a
b
l
e
s
h
o
w
s
t
h
a
t
o
n
l
y
t
w
o
s
c
e
n
a
r
i
o
s
(
1
0
a
n
d
1
1
)
w
o
u
l
d
p
r
o
d
u
c
e
s
y
s
t
e
m
b
e
n
e
f
i
t
s
to
n
a
v
i
g
a
t
i
o
n
.
B
o
t
h
o
f
t
h
e
s
e
s
c
e
n
a
r
i
o
s
w
o
u
l
d
r
a
i
s
e
t
h
e
w
a
t
e
r
l
e
v
e
l
s
o
f
L
a
k
e
s
S
u
p
e
r
i
o
r
,
M
i
c
h
i
g
a
n
-
H
u
r
o
n
a
n
d
E
r
i
e
;
S
c
e
n
a
r
i
o
1
0
b
y
r
e
d
u
c
i
n
g
th
e
W
e
l
l
a
n
d
C
a
n
a
l
D
i
v
e
r
s
i
o
n
a
n
d
S
c
e
n
a
r
i
o
11
b
y
p
u
t
t
i
n
g
m
o
r
e
w
a
t
e
r
i
n
t
o
t
h
e
S
y
s
t
e
m
t
h
r
o
u
g
h
t
h
e
L
o
n
g
L
a
c
/
O
g
o
k
i
D
i
v
e
r
s
i
o
n
s
t
h
a
n
u
n
d
e
r
t
h
e
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
.
S
c
e
n
a
r
i
o
1
wo
ul
d
p
r
o
d
uc
e
th
e
g
r
e
a
t
e
s
t
lo
ss
,
si
nc
e
it
r
e
m
o
v
e
s
t
h
e
l
a
r
g
e
s
t
v
o
l
u
m
e
o
f
w
a
t
e
r
f
r
o
m
t
h
e
s
y
s
t
e
m
(
5
0
0
0
c
f
s
)
.
T
h
e
t
a
b
l
e
al
so
sh
ow
s
th
at
th
e
im
pa
ct
(
b
e
n
e
f
i
t
s
/
l
o
s
s
)
to
th
e
U
n
i
t
e
d
St
at
es
w
o
u
l
d
be
a
b
o
u
t
t
w
i
c
e
t
h
a
t
of
C
a
n
a
d
a
u
n
d
e
r
a
l
l
s
c
e
n
a
r
i
o
s
,
e
x
c
e
p
t
u
n
d
e
r
S
c
e
n
a
r
i
o
13
.
S
c
e
n
a
r
i
o
13
sh
ow
s
th
e
lo
ss
to
C
a
n
a
d
a
ab
ou
t
fo
ur
ti
me
s
th
at
of
th
e
U
n
i
t
e
d
S
t
a
t
e
s
.
T
h
i
s
s
c
e
n
a
r
i
o
a
l
s
o
p
r
o
d
u
c
e
s
t
h
e
s
m
a
l
l
e
s
t
i
m
p
a
c
t
o
f
a
n
y
o
f
t
h
e
scenarios evaluated.
Ta
bl
e
G-
33
sh
ow
s
a
na
vi
ga
ti
on
ev
al
ua
ti
on
fo
r
Sc
en
ar
io
9
by
ro
ut
e
fo
r
th
e
ye
ar
19
85
.
Th
is
ta
bl
e
sh
ow
s
th
at
,
in
co
mp
ar
is
on
wi
th
th
e
ba
si
s—
of
-
co
mp
ar
is
on
re
gi
me
of
le
ve
ls
,
th
e
gr
ea
te
st
ec
on
om
ic
im
pa
ct
is
su
st
ai
ne
d
on
th
e
up
pe
r
la
ke
s.
Th
is
is
pr
im
ar
il
y
be
ca
us
e
th
e
vo
lu
me
of
tr
af
fi
c
is
greater on these lakes.
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 Table
0-32
NAVIGATION EVALUATION
(Valuaa
in 51000
)
Scenarios
6
-
8
1
1985
Total
2000
Total
2035
Total
Present
-l31,689
Hatch
1985
Equivalent
Annual
Coat
1985-2035
(1:)
Cont
inuo
us
(t)
On
Cr
ag
“
l
LL/o ‘
o
(c)
cu: 3200(c)
RELL 7000(c)
5
L140 " o (1:)
cu:
3200(c)
HELL
7000(c)
e
LL/o ' 5000(c)
cal
3200(c)
HELL 9000(1)
7
LL/o ' 5000(c)
CHI 8700(t)
 
E
0 (t)
011 8700(:)
7000(c)
o
0 (t)
CH!
8700(t)
9000(t)
19
LL/U 5000(c)
cur
3200(c)
HELL 2600(t)
11
LL/o __5600(c)
CHI 3200(c)
HELL
7000(c)
lg
LL/o 5000(c)
cur 3200(c)
HELL
9600(c)
Q
LL/O
5600(c)
c111 3200(c)
HELL
9400(c)
 
H;§;
551
-7,950 -4.283
-12,233
-13,zas -7,1eo
-2o,405
-1a,249 -10.861
—29,130
-72,o13
—203,502
-11,369 -6.226
-17,595
U.S. CAN
 
—3,126 -1,517
-b,6b3
-5,2Ao -2,576
-7,816
-7,411 -3,A53
-10,864
—51,256 —25,331
-76,587
- 4,432 -z,190
-6,
622
U 5 CAN
 
-276 -139
-«15
4.42
-2I.2
~6ﬂb
-702 —333
-1,oao
-a,455 -2,376
-6,
832
-385 -205
-590
HELL 7000gc!
u.s. g
-2,757 -1,294
-4,051
—4,564 -2,202
-6,766
-6,952 -2,982
-9,934
—45,248 -21,669
-66,917
-3,912 —1,a74
- -5,786
H;§;
EA!
-s,o77 -2,972
-9,049
-10,123 —5,023
—15,146
-1a,590 -7,7za
azam
-1o1,137 -50,449
~ 151,586
-s,7as -A,362
-13,107
CAN
—3,197-6,A31
~9,628
-1o,715 -5,az7
-16,1b2
-16,01k -7,303
—23,317
-1os,741 -53,400
.159,111
-9,143 -A,e17
-13,760
U
CAN
+871 +535
+1,Aoo
+l,k50
+895
+2.34:
+2,oae
+1.313
+3.399
+16,k86 +8.953
+23,439
+1,252 +774
+2.026
M;
w
+819
iﬂll
+1,230
+l,382
+695
+2,077
+1.946
+1,u72
+3,018
+13,708 +6,982
+2o,e9o
1,185
out
44,739
£42; 25!
-883 -516
-1,399
—1,459 -864
~2,323
—z,127 —1,274
-3,h01
—14,636 -a,547
-23,233
- 1,266 -748
—2,o14
!;§;
955
724 -9a
—118
—1a
-156
-174
-113
-202
—315
-333 —1,538
-1,a71
-29
-l33
-162
Table G-33
EFFECT OF SCENARIO 9
O
N
C
O
M
M
E
R
C
I
A
L
N
A
V
I
G
A
T
I
O
N
BY TRAFFIC ROUTE (1985)
(Value in $1000)
Route
Superior
Michigan-Huron
Erie
Ontario
 
Superior -
Michigan-Huron
Superior -
Michigan-Huron
Erie
Superior -
Michigan-Huron
Erie
Ontario
Michigan-Huron
Erie
Michigan-Huron
Erie
Ontario
Erie
Ontario
Total
G-82
 
(
T
r
a
n
s
p
o
r
t
a
t
i
o
n
Co
st
D
i
f
f
e
r
e
n
c
e
B
e
t
we
e
n
S
c
e
n
a
r
i
o
9
and Basis-of-Comparison)
Equivalent
Annual Cost
~80
-1,800
-90
—60
-1,530
-2,540
-960
-1,600
-480
-490
-9,630
 
 3.3 Power
Table
G-34
shows
the
impacts
on
power
by
country
and
by
system.
The
table
shows
that
under
Scenarios
1,
5,
7,
8,
9
and
10
net
losses
would
be
incurred
to
the
system.
Under
each
of
those
scenarios
water
supply
to
the
system
would
be
reduced.
Under
those
scenarios
which
would
reduce
the
Long
Lac/Ogoki
to
zero
(Scenarios
l
and
5),
but
retain
the
other
diversions
at
their
current
rates,
the
losses
to
Canada
exceed
those
to
the
United
States.
This
is
due
to
the
fact
that
under
the
exchange
of
notes
in
1940,
Canada
has
a
5,000
cfs
entitlement
to
the
Long
Lac/Ogoki
water
on
the
Niagara
River;
and
for
the
purposes
of
this
study
it
was
assumed
that
any
reduction
in
flow
would
be
taken
from
this
amount.
This
is
in
addition
to
accepting
this
reduction
in
flow
through
the
Nipigon
Plants
and
the
associated
losses.
However,
under
those
scenario
which
affect
rates
at
the
other
diversion
sites,
losses
to
United
States
power
exceed
those
incurred
by
Canada.
This
is
mainly
due
to
the
higher
United
States
incremental
economic
factor
for
replacement
power
(see
discussion
in
main
report).
Scenarios
6,
ll,
12
and
13
would
provide
net
benefits
to
the
system.
Scenario
6
would
produce
minor
losses
to
the
United
States
portion
of
the
system,
with
a
substantial
benefit
to
Canada.
This
is
mainly
due
to
Ontario
Hydro's
use
of
the
increase
in
water
flowing
through
the
Welland
Canal.
Scenarios
ll,
12
and
13
evaluate
the
increased
availability
of
water
due
to
increased
diversions
through
Long
Lac/Ogoki
and
the
Welland
Canal.
Scenario
12
reflects
the
same
condition
described
under
Scenario
6
above.
The
power
evaluation was
carried
out
by the
Lake
Erie
Board's
Power
Subcommittee
in
accordance
with
the
methodology
described
in
Appendix
E
of
the Lake
Erie
Board's
final
report.
Paragraphs
3.3.1
through
3.3.6
of
this
Annex
contain
additional
information
with
respect
to
assumptions
and
methodology
that
were
developed
by
the
Power
Subcommittee
for
the
economic
evaluation
of
this
study.
Paragraph
3.3.7
is
a
summary
of
the
determination of unit energy and capacity values, and paragraph 3.3.8
contains
the
results
of
the
evaluation.
3.3.1 St. Marys River Plants, Assumptions
The
assumptions
with
reSpect
to
the
diversion
of water
was
the
same as described in Appendix E of the International Lake Erie Regulation
Study Board Report.
That is, the effect of reducing the Long Lac/Ogoki
Diversions would be shared equally between the power plants in the United
States and Canada.
3.3.2 Niagara River Plants, Assumptions
(a) For any Lake Erie outflow, the diversion entitlement for
Canada and United States would be determined as follows:
(1) When the Long Lac/Ogoki Diversions were reduced to zero
on trigger (2500 cfs on average):
Canada entitlement = 1/2 (adjusted Lake Erie
outflow - falls flow
+ 2500)
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ig
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 (b)
(c)
United
States
entitlement
=
1/2
(adjusted
Lake
Erie
outflow - falls flow
- 2500)
(2)
When
Long
Lac/Ogoki
Diversions
were
reduced
to
zero
continuously: '
Canada
entitlement
1/2
(adjusted
Lake
Erie
outflow - falls flow)
1/2 (adjusted Lake Erie
outflow - falls flow)
United
States
entitlement
(3)
When
Long
Lac/Ogoki
Diversions
were
5,000
cfs
or
5,600
cfs
continuously,
the
diversion
entitlements
were
as
shown
in
Appendix
E,
Section
3.2.3(3)
namely:
l
l
Canada
entitlement
Vl/2
(adjusted
Lake
Erie
outflow - falls flow
+ 5,000)
1/2 (adjusted Lake Erie
outflow - falls flow
- 5,000)
United States entitlement
Thus
the
effect
of
reducing
the
Long
Lac/Ogoki
Diversions
would
be
borne
by
the
Canadian
power
interest.
The
effect
of
increasing
the
diversion
from
5,000
to
5,600
cfs
would
be
shared
equally
between
Canada and
the United
States.
The
effect
of
increasing
the
Lake
Michigan
Diversion
at
Chicago
would
be
shared
equally
between
Canada
and
the
United States.
When
the Welland
Canal
flow
is
increased
to 9,000
cfs
or
9,400
cfs,
the
diversion
to
Decew
Falls
generating
station
would
be
6,800
cfs
each
month.
Thus
the
effect
of
increasing
the
Welland
Canal
flow w0u1d
be
borne
by
the
Canadian
power
plants,
with no
effect
to
the U.S.
power
plant.
3.3.3
Moses-Saunders
(St.
Lawrence)
Power
Plants,
Assumptions
The
effect
of
altering
any
diversion
would
be
shared
equally
between Canada and the United States.
3.3.4
Beauharnois-Les
Cedres
(St.
Lawrence)
Power
Plants,
Assumptions
Since
the Beauharnois-Les
Cedres
power
plants
use
the
total
flow
of
the
St.
Lawrence
River,
the
full
effect
of
altering
the
diversions
would
be borne by the Quebec System.
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 3.3.5 Nipigon River Power Plants
3.3.5.1 General Description
Th
er
e
ar
e
th
re
e
hy
dr
o-
el
ec
tr
ic
ge
ne
ra
ti
ng
st
at
io
ns
on
th
e
Ni
pi
go
n
Riv
er,
whi
ch
flo
ws
sou
th
fro
m
Lak
e N
ipi
gon
som
e
34
mil
es
int
o L
ake
Su
pe
ri
or
.
Th
es
e
ge
ne
ra
ti
ng
st
at
io
ns
,
Pi
ne
Po
rt
ag
e,
Ca
me
ro
n
Fa
ll
s,
an
d
Al
ex
an
de
r
Fa
ll
s
are
ow
ne
d
an
d
op
er
at
ed
by
On
ta
ri
o
Hy
dr
o.
Th
ey
ha
ve
a
co
mb
in
ed
in
st
al
le
d
ca
pa
ci
ty
of
so
me
26
5,
95
0
kW
.
An
y
re
du
ct
io
n
in
th
e
Og
ok
i
Div
ers
ion
wil
l u
lti
mat
ely
red
uce
the
out
put
of
the
se
pla
nts
.
3.3.5.2 ASSumptions
In
an
y
mo
nt
h
th
at
the
Og
ok
i
Di
ve
rs
io
n
wo
ul
d
be
re
du
ce
d
to
zer
o,
th
er
e
wo
ul
d
be
no
ch
an
ge
in
the
el
ev
at
io
n
of
La
ke
Ni
pi
go
n
an
d
the
Ni
pi
go
n
Riv
er
flo
w w
oul
d
be
red
uce
d
by
3,7
00
cfs
for
tha
t
sam
e m
ont
h.
3.3.5.3 Peak and Energy Outputs
Th
e
pe
ak
an
d
en
er
gy
ou
tp
ut
s
we
re
de
te
rm
in
ed
fo
r
ea
ch
pl
an
t,
fo
r
eac
h
mon
th
of
the
per
iod
of
rec
ord
,
Jan
uar
y
194
4
thr
oug
h
Dec
emb
er
197
6,
1
us
in
g
a
me
th
od
ol
og
y
de
ve
lo
pe
d
by
On
ta
ri
o
Hy
dr
o.
Fo
r
th
e
ba
si
s-
of
-
1
com
par
iso
n,
mon
thl
y
pea
k
and
ene
rgy
out
put
s
wer
e
det
erm
ine
d
fro
m
the
§
ob
se
rv
ed
fl
ow
s.
Fo
r
th
os
e
sc
en
ar
io
s
in
wh
ic
h
th
e
Og
ok
i
Di
ve
rs
io
n
wa
s
‘
re
du
ce
d
to
zer
o,
mo
nt
hl
y
pe
ak
an
d
en
er
gy
ou
tp
ut
s
we
re
de
te
rm
in
ed
fr
om
ob
se
rv
ed
fl
ow
s
mi
nu
s
3,
70
0
cf
s.
Th
us
th
e
av
er
ag
e
an
nu
al
lo
ss
wa
s
co
mp
ut
ed
for
the
33
ye
ar
pe
ri
od
,
19
44
to
197
6,
an
d
as
su
me
d
to
ap
pl
y
ov
er
the
lo
ng
er
pe
ri
od
19
00
to
197
6.
Si
mi
la
rl
y
the
lo
ss
in
de
pe
nd
ab
le
pe
ak
ca
pa
ci
ty
wa
s
de
te
rm
in
ed
by
an
ex
am
in
at
io
n
of
De
ce
mb
er
an
d
Ja
nu
ar
y
pe
ak
ou
tp
ut
s
co
mp
ut
ed
fr
om
th
e
ba
si
s-
of
-c
om
pa
ri
so
n
an
d
ea
ch
di
ve
rs
io
n
sc
en
ar
io
.
3.3.6 Aguasabon River Plants
3.3.6.1 General Description
Th
e
Lo
ng
La
c
Di
ve
rs
io
n
fl
ow
s
so
ut
h
fr
om
Lo
ng
La
ke
do
wn
th
e
Agu
asa
bon
Riv
er
to
Lak
e
Sup
eri
or
and
is
uti
liz
ed
by
one
hyd
ro-
ele
ctr
ic
pl
an
t,
Ag
ua
sa
bo
n
ge
ne
ra
ti
ng
st
at
io
n,
wi
th
an
in
st
al
le
d
ca
pa
ci
ty
of
40
,5
00
kW.
3.3.6.2 ASSumptions
In
an
y
mo
nt
h
th
at
the
Lo
ng
La
c
Di
ve
rs
io
n
wo
ul
d
be
re
du
ce
d
to
zer
o,
the
out
flo
w
fro
m L
ong
Lak
e w
oul
d
be
red
uce
d
by
1,3
00
cfs
.
3.3.6.3 Peak and Energy Outputs
Peak and energy outputs were determined for each month of the
per
iod
of
rec
ord
194
4 t
o 1
976
by
a m
eth
odo
log
y d
eve
lop
ed
by
Ont
ari
o H
ydr
o.
Basi
s-of
-com
pari
son
outp
uts
were
dete
rmin
ed f
rom
obse
rved
flow
s an
d
out
put
s.
For
tho
se
sce
nar
ios
whe
re
the
div
ers
ion
wou
ld
be
red
uce
d t
o z
ero
,
they
were
comp
uted
from
basi
s-of
-com
pari
son
flow
s mi
nus
1,30
0 cf
s.
Thus
,
G-86
 the
loss
in
average
annual
energy
and
peak
capacity
was
determined
for
the
33
year
period
1944
to
1976
and
was
assumed
to
apply
over
the
77
year
period 1900 to 1976.
3.3.7
Determination
of
Unit
Energy
and
Capacity
Values
3.3.7.1 Definitions
Energy
value;
energy
is
the
average
amount
of
power
(Av.
MW)
that
is
produced
over
a
period
of
time;
e.g.,
Av.
MW
x
HRS/yr
=
average
annual
energy
(MWh).
The
value
of
the
gain
or
loss
in
energy
is
essentially
the
cost
of
fossil
or
nuclear
fuel
required
to
produce
the
equivalent
amount
of
energy,
and
is
expressed
in
mills/kWh.
Capacity
value;
capacity
or
peak
power
is
the
amount
of
power
required
(MW)
to
meet
the
maximum
peak
load
demands.
The
value
of
the
gain
or
loss
in
peak
load
meeting
capability
is
therefore
the
annual
value
of
the
capital
and
the
operation
and
maintenance
(0
&
M)
costs
of
providing
additional
new
thermal
generation or
capacity,
expressed
as
dollars/kW/yr.
3.3.7.2 Basis of Evaluation
The
Lake
Erie
Board
established
an
Ad-Hoc
Economics
Subcommittee
to
determine
and
recommend
certain
economic
factors
and
criteria
to
serve
as a common
basis
of evaluation.
The
energy
and
capacity
values
used
for
evaluating
the
effects
of
regulation
plans
on
hydro-electric
power
were
computed in accordance with these recommendations.
An explanation of their
determination
is given
for
each
power
system
in Appendix E
of
the Lake
Erie
Regulation Board's study report.
The values are summarized below:
Annual Amortized Energy and Capacity Values
Used for Evaluating Effects of Diversion
Scenarios on Hydro-Electric Power Generation
  
Energy Values Capacity
_--_1‘1i.ll§/.1:W_h _____ Value
Power System
day
night
composite
$/kW/year
Upper Michigan
3.36
28.33
New York State
110.60
70.00
Ontario
17.24
12.12
15.53
33.08
Quebec 7.568 -
3.3.8 Evaluation of Diversion Scenarios
3.3.8.1 General
This
section
presents
the
reSults
of the
detailed
economic
evaluation of the ten selected diversion
scenarios.
Each scenario was
evaluated in accordance with
the methodology described
in the preceeding
paragraphs 3.3.1 to 3.3.7.
The basis-of—comparison was
the same as that
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.
8
.
2
A
d
j
u
s
t
m
e
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s
t
o
E
n
e
r
g
y
B
e
n
e
f
i
t
s
U
n
d
e
r
t
h
e
s
e
q
u
e
n
c
e
o
f
s
u
p
p
l
y
(
1
9
0
0
-
1
9
7
6
)
a
s
s
u
m
e
d
f
o
r
t
h
i
s
s
t
u
d
y
,
t
h
e
e
l
e
v
a
t
i
o
n
s
o
f
e
a
c
h
o
f
t
h
e
l
a
k
e
s
a
t
t
h
e
e
n
d
o
f
t
h
e
p
e
r
i
o
d
(
D
e
c
e
m
b
e
r
1
9
7
6
)
w
e
r
e
d
i
f
f
e
r
e
n
t
t
h
a
n
u
n
d
e
r
t
h
e
b
a
s
i
s
-
o
f
—
c
o
m
p
a
r
i
s
o
n
.
C
o
n
s
e
q
u
e
n
t
l
y
t
h
e
a
c
t
u
a
l
l
o
n
g
-
t
e
r
m
m
e
a
n
o
u
t
f
l
o
w
o
f
e
a
c
h
d
i
v
e
r
s
i
o
n
s
c
e
n
a
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i
o
w
a
s
d
i
f
f
e
r
e
n
t
t
h
a
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t
h
e
b
a
s
i
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o
f
-
c
o
m
p
a
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s
o
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v
e
r
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g
e
v
a
l
u
e
b
y
v
a
r
y
i
n
g
a
m
o
u
n
t
s
u
p
t
o
7
3
2
c
f
s
.
A
s
e
n
s
i
t
i
v
i
t
y
a
n
a
l
y
s
i
s
i
n
d
i
c
a
t
e
d
t
h
a
t
t
h
i
s
a
n
o
m
a
l
y
i
m
p
a
c
t
e
d
o
n
t
h
e
r
e
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u
l
t
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f
t
h
e
s
t
u
d
y
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d
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r
e
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r
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d
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d
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o
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u
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e
r
a
g
e
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n
n
u
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l
e
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e
r
g
y
b
e
n
e
f
i
t
s
/
l
o
s
s
e
s
a
t
t
h
e
U
.
S
.
a
n
d
C
a
n
a
d
i
a
n
S
t
.
L
a
w
r
e
n
c
e
R
i
v
e
r
g
e
n
e
r
a
t
i
n
g
s
t
a
t
i
o
n
s
a
n
d
a
t
t
h
e
O
n
t
a
r
i
o
p
l
a
n
t
s
o
n
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
.
N
o
a
d
j
u
s
t
m
e
n
t
w
a
s
n
e
c
e
s
s
a
r
y
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t
h
e
U
.
S
.
p
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e
N
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b
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c
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b
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c
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e
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i
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r
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b
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l
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e
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e
c
t
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o
s
t
n
e
g
l
i
g
i
b
l
e
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h
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b
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-
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p
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b
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c
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p
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c
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v
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o
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p
i
l
e
t
h
e
n
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c
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y
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t
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o
n
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D
u
e
t
o
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u
n
d
i
n
g
l
i
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i
t
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t
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o
n
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,
t
h
i
s
i
n
v
e
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t
o
r
y
w
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o
t
c
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r
r
i
e
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o
u
t
i
n
C
a
n
a
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.
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i
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h
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L
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k
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S
t
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C
l
a
i
r
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n
d
E
r
i
e
b
e
c
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u
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i
n
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c
i
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l
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t
r
a
i
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t
s
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T
h
e
t
w
o
t
a
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l
e
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6
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n
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6
1
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h
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c
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b
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c
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i
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c
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i
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h
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i
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r
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c
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n
c
l
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c
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o
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F
u
r
t
h
e
r
m
o
r
e
,
o
n
e
c
o
u
l
d
c
o
n
c
l
u
d
e
f
r
o
m
t
h
e
s
e
t
a
b
l
e
s
t
h
a
t
a
s
w
a
t
e
r
i
s
r
e
m
o
v
e
d
f
r
o
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t
h
e
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y
s
t
e
m
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b
e
n
e
f
i
t
s
t
o
r
e
c
r
e
a
t
i
o
n
a
l
b
e
a
c
h
e
s
w
o
u
l
d
o
c
c
u
r
,
b
u
t
i
n
t
u
r
n
,
l
o
s
s
e
s
t
o
r
e
c
r
e
a
t
i
o
n
a
l
b
o
a
t
i
n
g
w
o
u
l
d
r
e
s
u
l
t
.
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 Table G-35
POWER EVALUATION
D
I
V
E
R
S
I
O
N
S
C
E
N
A
R
I
O
-
l
L
L
ﬂ
O
O
(c)
 
Chi 3200 (c)
COMPARED TO BASIS-OF—COMPARISON
Well 7000 (C)
DIFFERENCE
IN
AVERAGE
ANNUAL
ENERGY
PRODUCTION
AND
PEAK
LOAD
MEETING
CAPABILITY
AND CORRESPONDING
ANNUAL
AMORTIZED
AND
PRESENT
WORTH
VALUE
Difference from the Basis-of-Comparison
  
 
 
Average
Value
of
Difference
-
$1000
Annual
Peak
Annual
Amortized
Value
Present
Worth
Energy
capacity
Energy
Peak
'
Total
of
Total
i
gWh
MW
{ Ontario System
1
St.
Marys
-
7.3
-
113
}
Niagara
-
582.7
-
9,343
St.
Lawrence
-
125.1
- 1,907
Sub Total
-
715.1
-34.85
-11,363
-l,153‘
~12,516
-144,755
Nipigon
-
450.6
8
- 6,998
e
- 6,998
- 80,936
Aguasabon
-
199.6
—45.00
-
3,100
-l,489
-
4,589
-
53,075
Total
—l,365.3
-79.85
—21,461
-2,642
—24,103
«278,766
Quebec System
St.
Lawrence
-
209.6
-
- 1,586
-
-
1,586
— 18,346
Total
Canada
—1,574.9
—79.85
-23,047
—2,642
-25,689
-297,112
New York System
Niagara
9
e
-
9
e
e
8
St.
Lawrence
-
125.1
-
9.50
-13,836
-
655
-14,491
—l67,597
Total
-
125.1
-
9.50
—l3,836
—
655'
-14,491
-l67,597
Upper
Michigan
-
18.6
-
0.10
-
63
-
3
-
66
-
763
Total
US
-
143.7
—
9.60
-l3,899’
-
658
~14,557
~168,360
Total
Can
+
US
-l,718.6
-89.45
-36,946
-3,300
-40,246
-465,472
(c) a continuous
(t) = on trigger
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 DIVERSION SCENARIO - 5
Table G—36
POWER EVALUATION
Chi 3200 (C)
LL/O 0 (t)
COMPARED TO BASIS-OF—COMPARISON
Well 7000 (C)
DI
FF
ER
EN
CE
IN
AV
ER
AG
E
AN
NU
AL
EN
ER
GY
PR
OD
UC
TI
ON
ANNUAL AMORTIZED AND PRESENT WORTH VALUE
AND PEAK LOAD MEETING CAPABILITY
AND CORRESPONDING
Ontario System
St. Marys
Niagara
St. Lawrence
Sub Total
Nipigon
Aquasabon
Total
Quebec System
St. Lawrence
Total Canada
New York System
Niagara
St. Lawrence
Total
Upper Michigan
Total US
Total Can + 08
(c) = continuous
(t) = on trigger
Di
ff
er
en
ce
fr
om
th
e
Ba
si
s—
of
—C
om
pa
ri
so
n
  
Ave
rag
e
Val
ue
of
Dif
fer
enc
e
- $
100
0
An
nu
al
Pe
ak
An
nu
al
Am
or
ti
Ze
d
Va
lu
e
Pr
es
en
t
Wo
rt
h
Ene
rgy
?
Cap
aci
tyr
En
er
gy
Pe
ak
'
To
ta
l
of
To
ta
l
gWh MW
— 3.3 — 51
- 263.5 - 4,226
- 59.6 - 905
-
32
6.
4
-l
4.
42
-
5,
18
2
-
477
‘
-
5,
65
9
-
65
,4
50
-
22
9.
7
8
-
3,
56
7
8
-
3,
56
7
—
41
,2
55
—
10
5.
2
-4
5.
00
-
1,
63
4
-1
,4
89
-
3,
12
3
-
36
,1
19
-
66
1.
3
—5
9.
42
-l
O,
38
3
—l
,9
66
-1
2,
34
9
-1
42
,8
24
-
10
3.
0
9
-
78
0
9
—
78
0
-
9,
01
6
-
76
4.
3
-5
9.
42
-1
1,
l6
3
-1
,9
66
.
-l
3,
12
9
-1
51
,8
40
9
6
9
8
e
9
-
59
.6
-
3.
75
-
6,
59
2
-
26
2
-
6,
85
4
-
79
,2
71
-
59
.6
-
3.
75
-
6,
59
2
-
26
2
-
6,
85
4
-
79
,2
71
-
9.
4
—
0.
07
-
32
-
2
-
34
-
39
3
-
69
.0
-
3.
82
-
6,
62
4-
-
26
4
-
6,
88
8
-
79
,6
64
-
83
3.
3
—6
3.
24
—l
7,
78
7
-2
,2
3o
—2
o,
01
7
-2
31
,s
o4
G-90
 
 Table G-37
POWER EVALUATION
DIVERSION
SCENARIO
-
6
LL/O
5000
(c)
Chi
3200
(c)
Well
9000
(t)
COMPARED
TO
BASIS—OF—COMPARISON
D
I
F
F
E
R
E
N
C
E
I
N
A
V
E
R
A
G
E
A
N
N
U
A
L
E
N
E
R
G
Y
P
R
O
D
U
C
T
I
O
N
AND
PEAK
LOAD
MEETING
CAPABILITY
AND CORRESPONDING
ANNUAL
AMORTIZED
AND
PRESENT
WORTH
VALUE
Difference from the Basis—of—Comparison
    
Average
Value
of
Difference
-
$1000
Annual
Peak
Annual
Amortized
Value
Present
Worth
Energy
Capacity
Energy
Peak'
Total
of
Total
,
gwh
MW
'
Ontario System
St. Marys + 0.3 + 4
Niagara + 72.5 +1,06l
St. Lawrence ’ 0.3 - 7
Sub Total
+
72.5
— 1.46
+1,058
-
48 + 1,010
+ 11,681
Nipigon
9
9
9
e
9
e
Aguasabon 6 e e 8 9 9
Total
+
72.5
— 1.46
+1,058
—-
48 + 1,010
+ 11,681
Quebec System
St. Lawrence 9 9 9 8 G 9
Total Canada
+ 72.5 - 1.46
+1,058
- 48‘ + 1,010
+ 11,681
New York System
St. Lawrence - 0.3 - 0.08 — 33 - 6 - 39 - 451
Total ~ 0.3 - 0.08 - 33 - 6 - 39 — 451
Upper Michigan j;___2;§. ___§__ + 2 9 - + 2 + 23
Total US + 0.2 - 0.08 - 31 - - 6 - 37 — 428
Total Can + US + 72.7 — 1.54 +1,027 — 54 + 973 + 11,253
(c) = continuous
(t) = on trigger
G—9l
Table G-38
POWER EVALUATION
D
I
V
E
R
S
I
O
N
S
C
E
N
A
R
I
O
-
7
L
L
/
O
5
0
0
0
(C
)
C
h
i
8
7
0
0
(t
)
W
e
l
l
7
0
0
0
(c
)
COMPARED TO BASIS—OF—COMPARISON
D
I
F
F
E
R
E
N
C
E
IN
A
V
E
R
A
G
E
A
N
N
U
A
L
E
N
E
R
G
Y
P
R
O
D
U
C
T
I
O
N
AN
D
PE
AK
LO
AD
ME
ET
IN
G
CA
PA
BI
LI
TY
 
AND CORRESPONDING
A
N
N
U
A
L
A
M
O
R
T
I
Z
E
D
AN
D
P
R
E
S
E
N
T
W
O
R
T
H
V
A
L
U
E
D
i
f
f
e
r
e
n
c
e
f
r
o
m
t
h
e
B
a
s
i
s
-
o
f
-
C
o
m
p
a
r
i
s
o
n
 
 
 
 
Av
er
ag
e
Va
lu
e
of
Di
ff
er
en
ce
-
$1
00
0
A
n
n
u
a
l
P
e
a
k
A
n
n
u
a
l
A
m
o
r
t
i
z
e
d
V
a
l
ue
P
r
e
s
e
n
t
W
o
r
t
h
E
n
e
r
g
y
C
a
p
a
c
i
t
y
E
n
e
r
g
y
P
e
a
k
'
T
o
t
a
l
of
T
o
t
a
l
gW
h
MW
-
Ontario System
S
t
.
M
a
r
y
s
+
2
.
2
+
3
4
N
i
a
g
a
r
a
-
1
2
2
.
7
-
1
,
9
6
3
S
t
.
L
a
w
r
e
n
c
e
-
6
5
.
6
—
9
9
8
Su
b
T
o
t
a
l
-
18
6.
1
a
7.
11
-
2,
92
7
-
23
5
-
3,
16
2
-
36
,5
70
N
i
p
i
g
o
n
8
9
8
8
9
e
A
g
u
a
s
a
b
o
n
9
9
9
G
e
8
To
ta
l
-
18
6.
1
-
7.
11
-
2,
92
7
-
23
5
-
3,
16
2
-
36
,5
70
Quebec System
St
.
L
a
wr
e
n
c
e
-
11
3.
2
9
-
85
7
8
—
85
7
—
9,
90
8
T
o
t
a
l
C
a
n
a
d
a
-
29
9.
3
-
7.
11
-
3,
78
4
—
23
5‘
-
4,
01
9
—
46
,4
78
New York System
N
i
a
g
a
r
a
-
2
6
5
.
2
-
7.
33
-
-
2
9
,
3
3
1
-
51
3'
-
2
9
,
8
4
4
S
t
.
L
a
w
r
e
n
c
e
-
6
5
.
6
-
4
.
1
7
-
7
,
2
5
5
-
2
9
2
-
7
,
5
4
7
T
o
t
a
l
-
33
0.
8
-l
l.
50
-3
6,
58
6
-
80
5‘
—3
7,
39
1
-4
32
,4
49
U
p
p
e
r
M
i
c
h
i
g
a
n
+
2
.
4
+
0
.
0
7
+
8
+
2‘
+
1
0
+
1
1
6
T
a
t
a
l
us
-
32
8.
4
-1
1.
43
-3
6,
57
8‘
-
80
3
-3
7,
38
1
-4
32
,3
33
T
o
t
a
l
C
a
n
+
US
-
62
7.
7
-1
8.
54
—4
0,
36
2
-1
,0
38
-4
1,
40
0
-4
78
,8
11
(c) = continuous
(t
)
=
o
n
t
r
i
g
g
e
r
G-92
 D
I
V
E
R
S
I
O
N
S
C
E
N
A
R
I
O
-
8
C
O
M
P
A
R
E
D
T
O
B
A
S
I
S
—
O
F
—
C
O
M
P
A
R
I
S
O
N
Table G-39
POWER EVALUATION
LL/O O (t)
Chi 8700 (t)
AND
PEAK
LOAD
MEETING
CAPABILITY
AND CORRESPONDING
ANNUAL
AMORTIZED
AND
PRESENT
WORTH
VALUE
 
Well 7000 (C)
DIFFERENCE
IN
AVERAGE
ANNUAL
ENERGY
PRODUCTION
Ontario System
St. Marys
Niagara
St. Lawrence
Sub Total
Nipigon
Aguasabon
Total
Quebec System
St. Lawrence
Total Canada
New York System
Niagara
St. Lawrence
Total
Upper Michigan
Total US
Total Can + US
(c) = continuous
(t) 8 on trigger
Difference from the Basis—of—Comparison
  
 
Average
Value
of
Difference
-
$1000
Annual
Peak
Annual
Amortized
Value
Present
Worth
Energy
capacity
Energy
Peak
'
Total
of
Total
gWh MW
- 1.3 — 21
- 406.4 - 6,510
- 126.4 - 1,924
-
534.1
—22.69
— 8,455
-
751'
— 9,206
-106,473
-
229.7
9
-
3,567
9
- 3,567
- 41,255
-
105.2
~45.00
- 1.634
-1,489
— 3,123
- 36,119
-
869.0
-67.69
-13,656
-2,240
-15,896»
-183,847
-
216.7
9
- 1,640
e
- 1,640
- 18,968
-1,085.7
—67.69
-15,296
-2,240- -17,536
-202,815
-
265.2
- 7.33
-29,331
-
513
-29,844
—345,163
-
126.4
— 8.58
-13,980
-
601
-14,581
-168,638
-
391.6
—15.91
—43,311
-1.114
-44,425
-513,811
-
7.2
9
-
24
9
—
24
-
278
-
398.8
-15.91
-43,335‘
-l,114
-44,449
-514,089
-1,484.5
-83.60
-58,631
-3.354
-6l,985
-716,904
G-93
  
DIVERSION SCENARIO-'9
Table G-4O
POWER EVALUATION
Chi 8700 (t)
LL/O O (t)
COMPARED TO BASIS—OF—COMPARISON
AND PEAK LOAD MEETING CAPABILITY
AND CORRESPONDING
AN
NU
AL
AM
OR
TI
ZE
D
AN
D
PR
ES
EN
T
WO
RT
H
VA
LU
E
Well 9000
DI
FF
ER
EN
CE
IN
AV
ER
AG
E
AN
NU
AL
EN
ER
GY
PR
OD
UC
TI
ON
 
(t)
Ontario System
St. Marys
Niagara
St. Lawrence
Sub Total
Nipigon
Aguasabon
Total
Quebec System
St. Lawrence
Total Canada
New York System
Niagara
St. Lawrence
Total
Upper Michigan
Total US
Total Can + US
(c) = continuous
(t) = on trigger
Di
ff
er
en
ce
fr
om
th
e
Ba
si
s—
of
—C
om
pa
ri
so
n
  
Av
er
ag
e
_
Va
lu
e
of
Di
ff
er
en
ce
-
$1
00
0
An
nu
al
Pe
ak
An
nu
al
Am
or
ti
Ze
d
Va
lu
e
Pr
es
en
t
Wo
rt
h
En
er
gy
Ca
pa
ci
ty
En
er
gy
Pe
ak
‘
To
ta
l
of
To
ta
l
gWh
-
1.
4
~
22
-
34
7.
9
-
5,
68
3
-
12
7.
1
-
1,
93
6
-
47
6.
4
-2
5.
18
-
7,
64
1
-
83
3'
-
8,
47
4
-
98
,0
07
—
22
9.
7
9
-
3,
56
7
8
-
3,
56
7
-
41
,2
55
-
10
5.
2
-4
5.
00
-
1,
63
4
-l
,4
89
-
3,
12
3
-
36
,1
19
-
81
1.
3
-7
0.
18
-1
2,
84
2
-2
,3
22
-1
5,
l6
4
-1
75
,3
81
-
21
7.
2
9
-
1,
64
4
e
-
1,
64
4
-
19
,0
11
-l
,0
28
.5
-7
0.
18
-l
4,
48
6
-2
,3
22
-
—l
6,
80
8
-l
94
,3
92
-
26
5.
2
-
7.
33
-2
9,
33
1
-
51
3
-2
9,
84
4
-3
45
,1
63
-
12
7.
1
-
8.
58
-l
4,
05
7
-
60
1
-1
4,
65
8
-1
69
,5
29
-
39
2.
3
-1
5.
91
-4
3,
38
8
-1
,1
14
-4
4,
50
2
-5
14
,6
92
-
7.
4
9
-
25
9
-
25
-
28
9
-
39
9.
7
—1
5.
91
-4
3,
4l
3'
-l
,l
l4
-4
4,
52
7
—5
14
,9
81
-l
,4
28
.2
-8
6.
09
-5
7,
89
9
-3
,4
36
-6
1,
33
5
-7
09
,3
73
G-94
 Table G-4l
POWER EVALUATION
D
I
V
E
R
S
I
O
N
S
C
E
N
A
R
I
O
-
lO
L
L
/
O
5000
(c)
C
h
i
3200
(C)
Well
2600
(t)
COMPARED
TO
BASIS-OF-COMPARISON
D
I
F
F
E
R
E
N
C
E
IN
A
V
E
R
A
G
E
A
N
N
U
A
L
E
N
E
R
G
Y
P
R
O
D
U
C
T
I
O
N
A
N
D
P
E
A
K
L
O
A
D
M
E
E
T
I
N
G
C
A
P
A
B
I
L
I
T
Y
AND CORRESPONDING
A
N
N
U
A
L
A
M
O
R
T
I
Z
E
D
A
N
D
P
R
E
S
E
N
T
W
O
R
T
H
V
A
L
U
E
D
i
f
f
e
r
e
n
c
e
f
r
o
m
t
h
e
B
a
S
i
S
-
O
f
-
C
o
m
p
a
r
i
s
o
n
   
 
 
Average
Value
of
Difference
-
$1000
Annual
Peak
Annual
AmortiZed
Value
Present
Worth
Energy
capacity
Energy
Peak'
Total
of
Total
gWh MW
Ontario System
St.
Marys
-
0.6
-
9
Niagara
-
137.7
-
2,013
St.
Lawrence
+
0.2
-
1
Sub
Total
-
138.1
-59.25
-
2,023
-l,960'
-
3,983
-
46,066
Nipigon
9
9
9
8
9
9
Aguasabon
9
9
9
9
9
9
Total
-
138.1
-59.25
—
2,023
-1,960
-
3.983
-
46,066
Quebec System
St.
Lawrence
'
1-0
9
‘
3
9
‘
3
'
88
Total
Canada
-
139.1
—59.25
—
2,031
-1,960.
-
3,991
-
46,154
New York System
Niagara
e
e
3
e
e
e
9
St. Lawrence j;___11;§ ___§__ + 22 9 + 22 i____2§é_
Total
+
0.2
e
+
22
e
'
+
22
+
254
Upper
Michigan
:____9;l
___§__
'
3
9
’
3
:_____§§
Total
US
-
0.5
e
+
9
+
+
Total
Can
+
US
-
139.6
—59.25
-
2,012
-1,960
-
3.972
-
45.935
(c) = continuous
(t) = on trigger
G-95
 
Table G—42
POWER EVALUATION
DIV
ERS
ION
SCE
NAR
IO
- l
l
LL/
O
5600
(c)
Chi
3200
(c)
Wel
l 7
000
(c)
CO
MP
AR
ED
TO
BA
SI
S—
OF
—C
OM
PA
RI
SO
N
DIFFERENCE IN AVERAGE ANNUAL ENERGY PRODUCTION
AND PEAK LOAD MEETING CAPABILITY
AND CORRESPONDING
ANNUAL AMORTIZED AND PRESENT WORTH VALUE
 
Difference from the Basis—of—Comparison
 
 
 
Average Value of Difference - $1000
Annual Peak Annual Amortized Value Present Worth
Energy, Capacity Energy Peak' Total of Total
gWh MW
Ontario System
St.
Ma
ry
s
+
0.
2
+
3
Ni
ag
ar
a
+
29
.0
+
46
5
St
.
La
wr
en
ce
+
14
.3
+
21
7
Sub
Tota
l
+
43.5
+ 2.
07
+
685
+
68'
+
753
+ 8
,709
Nipigon _ + 54.1 9 + 840 e + 840 + 9,715
Agu
asa
bon
i__
;§£
£1
___
§__
_
‘ +
373
e
+
373
+
4,3
14
Total + 121.6 + 2.07 + 1,898 + 68 + 1,966 + 22,738
Quebec System
St.
Law
ren
ce
+
25.
5
e
+
193
8
+
193
+
2,2
32
Tot
al
Can
ada
+
147
.1
+ 2
.07
+ 2
,09
1
+
68-
+ 2
,15
9
+ 2
4,9
70
New York System
Niaga
ra
+ 5
7.8
e
+ 6,3
93
9
+ 6,3
93
+ 73,
939
St.
La
wr
en
ce
i;_
_lé
;2.
11
1-
33
+
1,
58
2
+
93
+
1,
67
5
+
19
,3
72
Tot
al
+
72.
1
+ 1
.33
+ 7
,97
5
+
93-
+
8,0
68
+ 9
3,3
11
Up
pe
r
Mi
ch
ig
an
+
1.0
9
+
3
e
‘ +
3
+
35
To
ta
l
US
+
73
.1
+
1.
33
+
7,9
78‘
+
93
+
8,
07
1
+
93
,3
46
Total Can + Us + 220.2 + 3.40 +10,069 + 161 +10,23O +118,316
(c) = continuous
(t) = on trigger
G—96
 
 Table G-43
P
O
W
E
R
E
V
A
L
U
A
T
I
O
N
D
I
V
E
R
S
I
O
N
S
C
E
N
A
R
I
O
-
—
1
2
L
L
/
O
5
0
0
0
(
c
)
C
h
i
3
2
0
0
(
c
)
W
e
l
l
9
4
0
0
(
c
)
C
O
M
P
A
R
E
D
T
O
B
A
S
I
S
-
O
F
-
C
O
M
P
A
R
I
S
O
N
D
I
F
F
E
R
E
N
C
E
I
N
A
V
E
R
A
G
E
A
N
N
U
A
L
E
N
E
R
G
Y
P
R
O
D
U
C
T
I
O
N
A
N
D
P
E
A
K
L
O
A
D
M
E
E
T
I
N
G
C
A
P
A
B
I
L
I
T
Y
'
A
N
D
C
O
R
R
E
S
P
O
N
D
I
N
G
A
N
N
U
A
L
A
M
O
R
T
I
Z
E
D
A
N
D
P
R
E
S
E
N
T
W
O
R
T
H
V
A
L
U
E
D
i
f
f
e
r
e
n
c
e
f
r
o
m
t
h
e
B
a
s
i
s
—
o
f
—
C
o
m
p
a
r
i
s
o
n
   
A
v
e
r
a
g
e
V
a
l
u
e
o
f
D
i
f
f
e
r
e
n
c
e
-
$
1
0
0
0
A
n
n
u
a
l
P
e
a
k
A
n
n
u
a
l
A
m
o
r
t
i
z
e
d
V
a
l
u
e
P
r
e
s
e
n
t
W
o
r
t
h
E
n
e
r
g
y
c
a
p
a
c
i
t
y
E
n
e
r
g
y
P
e
a
k
'
T
o
t
a
l
o
f
T
o
t
a
l
'
gWh
‘
M
W
‘
3
O
n
t
a
r
i
o
S
y
s
t
e
m
I
1
St.
Marys
+
0.5
+
7
N
i
a
g
a
r
a
+
1
0
5
.
8
+
1
,
4
8
8
St.
L
a
w
r
e
n
c
e
+
0-2
+
3
1
S
u
b
T
o
t
a
l
+
1
0
6
.
5
-
0
.
4
9
+
1
,
4
9
8
-
16'
+
1
,
4
8
2
+
1
7
,
1
4
0
Nipigon
9
9
9
9
e
9
Aguasabon
9
9
9
9
9
9
T
o
t
a
l
+
1
0
6
.
5
-
0
.
4
9
+
1
,
4
9
8
-
16
+
1
,
4
8
2
+
1
7
,
1
4
0
i
Q
u
e
b
e
c
S
y
s
t
e
m
{
S
t
.
L
a
w
r
e
n
c
e
9
_
_
_
£
L
_
_
e
e
.
G
—
-
—
—
£
L
—
—
—
T
o
t
a
l
C
a
n
a
d
a
+
106.5
-
0.49
+
1,498
-
16‘
+
1,482
+
17,140
N
e
w
Y
o
r
k
S
y
s
t
e
m
Niagara
8
9
.
9
e
-
9
9
st.
L
a
wr
e
n
c
e
‘5'
0.2
+
0.17
+
22
+
12
+
34
+
393
T
o
t
a
l
+
0.2
+
0.17
+
22
+
12
+
34
+
393
j
.
’
Upper
Michigan
+
0.7
e
+
2
e
+
2
+
23
T
o
t
a
l
US
+
0.9
+
0.17
+
24'
+
12
+
36
+
416
‘
Total
Can
+
us
+
107.4
-
0.32
+
1,522
—
4
+
1,518
+
17,555
x
l
i
i (c) a continuous
(t) = on trigger
\
G—97
L
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 DIVERSION SCENARIO - 13
Table G—44
POWER EVALUATION
LL/o 5600 (c)
COMPARED TO BASIS—OF—COMPARISON
Chi 3200 (c)
Well 9400 (c)
DIFFERENCE IN AVERAGE ANNUAL ENERGY PRODUCTION
AND PEAK LOAD MEETING CAPABILITY
ANNUAL AMORTIZED AND PRESENT WORTH VALUE
AND CORRESPONDING
Ontario System
St. Marys
Niagara
St. Lawrence
Sub Total
Nipigon
Aguasabon
Total
Quebec System
St. Lawrence
Total Canada
New York System
Niagara
St. Lawrence
Total
Upper Michigan
Total US
Total Can + US
(c) a continuous
(t) = on trigger
Di
ff
er
en
ce
fr
om
th
e
Ba
si
s-
of
eC
om
pa
ri
so
n
  
Average Value of Difference — $1000
Ann
ual
Pea
k
Ann
ual
Amo
rti
Zed
Val
ue
Pre
sen
t W
ort
h
Energy Capacity Energy Peak ' Total of Total
gWh MW
+ 1.0 + 16
+ 137.7 + 2I023
+ 14.1 + 213
+
152
.8
+ 1
.31
+ 2
,25
2
43‘
+ 2
,29
5
+ 2
6,5
43
+
54.
1
G
+
840
9
+
840
+
9,7
15
+
24.
0
9
+
373
9
+
373
+
4,3
14
+
230
.9
+ 1
.31
+ 3
,46
5
43
+ 3
,50
8
+ 4
0,5
72
+
25.
6
9
+
194
9
+
194
+
2,2
41
+
255
.9
+ 1
.31
+ 3
,65
9
43‘
+
3,7
02
+
42,
813
+ 57.8 9 + 6,393 6 + 6,393
+ 14.1 + 1.50 + 1,559 105 + 1,664
+
71.
9
+ 1
.50
+ 7
,95
2
105
+ 8
,05
7
+ 9
3,1
84
+
2.1
e
+
7
e
+
7
+
81
+
74.
0
+ 1
.50
+ 7
,95
9
105
+ 8
,06
4
+ 9
3,2
65
+
329
.9
+ 2
.81
+1l
,61
8
148
+11
,76
6
+13
6,0
78
 
 
 
  
T
a
b
l
e
G
-
4
5
P
O
W
E
R
E
V
A
L
U
A
T
I
O
N
DIVERSION
SCENARIOS
COMPARED
TO
BASIS-OF-COMPARISON
ONTARIO SYSTEM
DIFFERENCE
IN
AVERAGE
ANNUAL
ENERGY
PRODUCTION
DiverSion
Average
Annual
Energy
-
(gwh)
Difference
from
Basis—of—Comparison
—
(gwh)
 
Scenarios
Daytime
Nighttime
Total
Daytime
Nighttime
Total
  
Basis-of-
LL/O
5000
(c)
St.
Marys
262.2
131.1
393.3
Comparison
Chi.
3200
(c)
Niagara
10,253.5
2,609.0
12,862.5
Wel.
7000
(c)
St.
Lawrence
4,501.0
1,937.9
6,438.9
T
o
t
a
l
15,016.?
4
,
6
7
8
.
0
1
9
,
6
9
4
.
7
1
LL/O
0
(C)
St.
Marys
257.3
128.7
386.0
-
4.9
e
2.4
-
7.3
Chi,
3200
(c)
N
i
a
g
a
r
a
9,817.6
2,476.4
12,294.0
-435.9
—132.6
~568.5
wel,
7000
(c)
St,
L
a
wr
e
n
c
e
4,431.3
1,892.6
6,323.9
-
69.7
-
45.3
-115.0
T
o
t
a
l
14,506.2
4,497.7
19,003.9
-510.5
—180.3
-690.8
G
-
9
9
5
LL/O
0
(t)
St.
Marys
1260.0
130.0
390.0
-
2.2
-
1.1
-
3.3
Chi.
3200
(C)
Niagara
10,058.5
2,550.4
12,608.9
-l95.0
~
58.6
-253.6
Wel.
7000
(C)
St.
Lawrence
4,470.9
1,916.9
6,387.8
-
30.1
-
21.0
-
51.1
1'4,789'.4
'4,597.3
19,386.7
‘
‘—227.3
  
O
o
n
O
M
I
[
x
00
0
l
‘
T
o
t
a
l
6
L
L
/
o
5000
(c)
st,
M
a
r
ys
262.4
131.2
393.6
+
2
Chi.
3200
(C)
Niagara
10,290.0
2,646.3
12,936.3
+
5
"31,
9
0
0
0
(t)
St.
L
a
w
r
e
n
c
e
4
,
5
0
1
.
2
1
,
9
3
8
.
5
6
,
4
3
9
.
7
+
0.2
+
9
Total
15,053.6
4,716.0
19,769.6
7
LL/O
5000
(C)
St.
Marys
263.7
131.8
395.5
+
1.5
+
0.7
+
2.2
Chi.
8700
(t)
N
i
a
g
a
r
a
10,168.4
2,583.1
12,751.5
-
85.1
Wel.
7000
(c)
St.
L
a
w
r
e
n
c
e
4
,
4
6
8
.
1
1
,
9
1
5
.
2
6
,
3
8
3
.
3
-
32.9
T
o
t
a
l
1
4
,
9
0
0
.
2
4
,
6
3
0
.
1
1
9
,
5
3
0
.
3
C
1
0
.
.
H
m
.
-
4
L
n
H
I
I
0
‘
5
L
n
N
N
N
l
l
<
1
‘
v0H
t
m
.
(
\
V
1
L
O
'
0
Hr
-
i
I
(c)
=
continuous
(t)
=
on
trigger
   
Table
G—46
POWER EVALUATION
DIVERSION
SCENARIOS
COMPARED
TO BASIS-
OF-COMPAR
ISON
ONTARIO SYSTEM
DIFFERENCE IN AVER
AGE ANNUAL ENERGY
PRODUCTION
Diversion Average Annual Energy- £9Wh) Difference from Basis—of—Comparison - (9Wh)
Scenarios Daytime Nighttime Total Daytime Nighttime Total
 
Basis
-of-
LL/O
5000
(c)
St. M
arys
262.2
131.1
393.3
Comparison Chi.
3200 (c) Niagara
10,253.5 2,609.0
12,862.5
Wel. 7000 (C) S
t. Lawrence
4,501.0 1,937.9
6,438.9
Total 15,016.7 4,678.0 19,694.7
8 LL/O O (U St. Marys 261.3 130.7 392.0 — 0.9 — 0.4 - 1.3
Chi. 8700 (t) Niagara 9,959.5 2,519.8 12,479.3 —294.o — 89.2 —383.2
wel. 7000 (c) St. Lawrence 4,435.0 1,893.6 6,328.6 - 66.0 — 44.3 —110.3
Total
l4,655.8 4,544.1
19,199.9 -360
.9 133.9 ‘
—494.8
 
G
—
l
O
O
9 LL/O
0 (t) St. Marys
261.3 130.6
391.9 — 0.9
- 0.5 — 1.4
Chi. 8700 (t) N
iagara
9,981.4 '2,554.6
12,536.0 -272
.1 - 54.4
-326.5
wel, 9000 (t) st;~ Lawrence 4,434.9 1,893.8 6,328.7 - 66.1 — 44.1 -110.2
' Total 14,677.6 4,579.0 19,256.6 I-339.1 — 99.0 -438.1
10 LL/O 5000 (C) St. Marys 261.8 130.9 392.7 — 0 4
Chi. 3200 (C) Niagara 10,185.9 2,538.5 12,724.4 - 67.6 — 70.
Wel. 2600 (t) S
t. Lawrence
4,500.3 1,938.5
6,438.8 — 0
7
7Total 14,948.0 4,607.9 19,555.9 — 68.
  
conti
nuous
on tr
igger
(c)
(t)
 
 
 Table G—47
POWER
EVALUATION
DIVERSION
SCENARIOS COMPARED
TO
BASIS-OF—COMPARISON
ONTARIO
SYSTEM
DIFFERENCE
IN
AVERAGE
ANNUAL
ENERGY
PRODUCTION
Diversion
Average
Annual
Energy
-
(gWh)
Difference
from
Basis—of—Comparison
-
(th)
   
Scenarios
‘
Daytime
Nighttime
Total
Daytime
Nighttime
Total
 
Basis-of-
LL/O
5000
(c)
St.
Marys
262.2
131.1
393.3
Comparison
Chi.
3200
(c)
Niagara
10,253.5
2,609.0
12,862.5
Wel.
7000
(c)
St.
Lawrence
4,501.0
1,937.9
6,438.9
Total
15,016.7
4,678.0
19,694.7
11
LL/O
5600
(c)
St.
Marys
262.3
131.2
393.5
Chi.
3200
(c)
Niagara
10,274.5
2,615.4
12,889.9
Wel.
7000
(c)
St.
Lawrence
4,509.3
1,943.5
6,542.8
Total
15,046.1
4,690.1
19,736.2
1
+
0.2
4
+
27.4
.6
+
13.9
1
+
41.5
‘3
a
o
H
+
+
+
+
+
12
LL/O
5000
(C)
St.
Marys
262.5
131.3
393.8
Chi.
3200
(c)
Niagara
10,295.0
2,675.2
12,970.2
Wel.
9400
(C)
St,
Lawrence
4,501.8
1,938.4
~6,440.2
+
3
2
+
0.5
5
2
+107.7
.8
+
0.5
+
1.3
6
9
O
H
O
N
<
1
‘
4
.
15,059.3
4,744.9
19,804.2
‘+
4
' Total
+109.
5
l3
LL/O
5600
(c)
St.
Marys
262.9
131.4
394.3
+
0.7
Chi.
3200
(c)
Niagara
10,318.2
2,682.4
13,000.6
+
64.7
Wel.
9400
(c)
St.
Lawrence
4,509.4
1,943.7
6,453.1
+
8.4
3
8
Total
15,090.5
4,757.5
19,848.0
+
7
+
0
3
+
1.0
+
73.4
+138.1
+
5
8
+
14.2
 
+
79.5
+153.3
(
c
)
(t)
continuous
on
trigger
 
 
G
—
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Tab
le
G-4
8
POWE
R EV
ALUA
TION
DIV
ERS
ION
SCE
NAR
IOS
COM
PAR
ED
TO
BAS
IS-
OF-
COM
PAR
ISO
N
-
ONT
ARI
O S
YST
EM
DIF
FER
ENC
E
IN
PEA
K L
OAD
MEE
TIN
G C
APA
BIL
ITY
gasis-gf-
Diversion Scenarios
omparison
1
5
6
7
8
MEA
N
- M
W
301
0.6
6
297
6.7
3
299
6.3
1
300
9.2
2
300
3.2
5
298
8.0
3
ST.
DEV.
- M
W
68.
647
3
86.
515
6
70.
080
5
69.
029
0
67.
642
8
70.
039
0
ALM
C
- M
W
-
-33
.93
—14
.35
-1.
44
-7.
16
-22
.63
AV
—
-27
72.
51
—19
8.8
3
+52
.55
+13
6.9
0
-19
3.0
1
ALM
C
1-
MW
-
-0.
924
2
-0.
066
3
-0.
017
5
+0.
046
6
-0.
064
3
2(A
LMC
)
- M
W
-
-34
.85
-14
.42
-1.
46
-7.
11
-22
.69
Dif
fer
enc
e i
n p
eak
loa
d m
eet
ing
cap
abi
lit
y
.
'
Dif
fer
enc
e i
n D
ece
mbe
r h
ydr
aul
ic
mea
n +
dif
fer
enc
e i
n D
ece
mbe
r h
ydr
aul
ic
var
ian
ce
+
ALMC
MH
ALMC
VH
NOT
E:
)3 (
ALM
C)
I
I
 
 G
-
l
O
3
S
T
.
D
E
V
.
E
ALMC
-
MW
MH
A
V
H
ALMCVH
M
W
Z(ALMC)
E
NOTE:
2(ALMC)
I
I
Table
G—
49
POWER
EVALUATION
DIVERSION
SCENARIOS
COMPARED
TO
BASIS-OF-COMPARISON
DIFFERENCE
I
Basis—of—
Comparison
9
ONTARIO
SYSTEM
N
PEAK
LOAD
MEETING
CAPABILITY
D
i
v
e
r
s
i
o
n
S
c
e
n
g
f
i
q
g
10
11
  
3010.66
2985.57
68.6473
—
~
2
5
.
0
9
_
2
7
7
.
6
0
—
-0.0925
_
-
2
5
.
1
8
2
5
Difference
in
peak
load
Difference
in
Decembei
h
+
ALMCMH
ALMCVH
 
70.6403
2
9
5
4
.
8
4
3
0
1
2
.
6
9
1
2
2
.
5
2
6
9
6
7
.
8
8
2
0
-55.82
+2.03
-
1
0
3
0
0
.
3
9
+
1
0
4
.
4
8
-
3
.
4
3
3
+
0
.
0
3
4
8
—
5
9
.
2
5
+
2
1
0
7
meeting
capability
1
2
 
3
0
1
0
.
0
8
66.6079
-O.58
+
2
7
5
.
8
3
+
0
.
0
9
1
9
-
0
.
4
9
ydraulic
mean
+
difference
in
Deceﬁber
thraulic
13
 
3
0
1
1
.
8
6
6
6
.
1
0
4
1
+
1
.
2
0
+
3
4
2
.
7
0
+
0
.
1
1
4
2
+
1
.
3
1
v
a
r
i
a
n
c
e
 G
-
1
0
4
  
Tab
le
G—5
0
POW
ER
EVA
LUA
TIO
N
DI
VE
RS
IO
N
SC
EN
AR
IO
S
CO
MP
AR
ED
TO
BA
SI
S-
OF
-C
OM
PA
RI
SO
N
QUE
BEC
SYS
TEM
DIF
FER
ENC
E
IN
AVE
RAG
E A
NNU
AL
ENE
RGY
PRO
DUC
TIO
N
Div
ers
ion
Sce
nar
ios
—cf
s
Ave
rag
e
Ann
ual
Dif
fer
enc
e
fro
m
LL/O
Chi.
Wel.
Energ
y - g
Wh
Basis
—of-C
ompar
ison
- (g
Wh)
 
Basi
s-of
-
Com
par
iso
n
500
0 (
c)
320
0 (
c)
700
0 (c
)
115
00.
5
1
0(0
)
320
0(C
)
700
0(C
)
113
08.
5
-l9
2.0
5
0(t
)
320
0(C
)
700
0(C
)
114
13.
6
— 8
6.9
6
500
0(C
)
320
0(C
)
900
0(t
)
115
03.
4
2.9
7
500
0(C
)
870
0(t
)
700
0(C
)
114
05.
7
- 9
4.8
8
0(t
)
870
0(t
)
700
0(C
)
113
12.
9
—18
7.6
9
0(t
)
870
0(t
)
900
0(t
)
113
13.
6
-18
6.9
10
500
0(C
)
320
0(C
)
260
0(t
)
115
00.
0
-
0.5
11
560
0(C
)
320
0(C
)
700
0(C
)
11
52
5.
6
25
.1
12
500
0(C
)
320
0(C
)
940
0(c
)
115
02.
9
2.4
13
-
-5
60
0(
C)
320
0(C
)
‘
940
0(C
)
11
52
6.
6
. ~
'
‘
26
.1
l
l
conti
nuous
on
tri
gge
r
(c)
(t
)
  
G
-
1
0
5
 
TABLE
G~51
POWER EVALUATION
DIVERSION SCENARIOS COMPARED TO BASIS—OF-COMPARISON
NEW YORK STATE SYSTEM
DIFFERENCE IN AVERAGE ANNUAL ENERGY
AND
V
PEAK LOAD MEETING CAPABILITY
\
Difference from Basis—of—Comparison
Diversion Scenarios — cfs
Average Annual
Peak
LL/O
Chi.
Wel.
7 .‘Energy = gWh
Capacity — MW
 
Ba
si
s—
of
-
Comparison
5000 (c)
3200 (c)
7000 (c)
1'
o
(c)
3200
(.c)
7000
(c)
Niagara
0
0%
Sta
Lawrence
—125.1
-'9.50, , .
Total
m
T
9
7
3
6
5 0 (t) 3200 (c) 7000 (c) Niagara o 0
St. Lawrence
_ 59.6 _3 75
Total
T
m
-3.75
 
6
5000
(c)-
.3200-(0)
_
9000(t)~
‘
Niagara
-
0
St.
Lawrence
-
0.3
-0.08
Total
v
-
0
3
—0.08
7
5000
(c)
8700
(t)
7000
(c)
Niagara
-265.2
—7.33
St.
Lawrence
— 65.6
—4.17
Total
-330.8
—11.50
8
0
(t)
8700
(t)
7000
(c)
Niagara
—265.2
—7.33
'
St. Lawrence
—l26.4_
-8.58
Total
—391.6
-15.91
(c) = continuous
(t)
=
on
trigger
   
Table G—52
PO
WE
R
EV
AL
UA
TI
ON
DI
VE
RS
IO
N
SC
EN
AR
IO
S
CO
MP
AR
ED
TO
BA
SI
S—
OF
—C
OM
PA
RI
SO
N
NE
W
YO
RK
ST
AT
E
SY
ST
EM
DI
FF
ER
EN
CE
IN
AV
ER
AG
E
AN
NU
AL
EN
ER
GY
‘
AN
D
PE
AK
LO
AD
ME
ET
IN
G
CA
PA
BI
LI
TY
.
Di
ff
er
en
ce
fr
om
Ba
si
s—
of
—C
om
pa
ri
so
n
Di
ve
rs
io
n
Sc
en
ar
io
s—
cf
s
Av
er
ag
e
An
nu
al
Pe
ak
LL
/O
Ch
i.
We
l.
"E
ne
rg
x
—
gW
h
Ca
ga
ci
tx
-
MW
 
Basis-
of-
,
Com
par
iso
n
500
0
(c)
320
0-(
c)
700
0
(c)
G
—
1
0
6
9
0
(t
)
87
00
(t
)
90
00
(t
)
Ni
ag
ar
a
—2
65
.2
-7
.3
3
St
.
La
wr
en
ce
—1
27
.1
—8
.5
8
To
ta
l
—3
92
.3
—1
5.
91
10
50
00
(c
)
32
00
(c
)
26
00
(t
)
Ni
ag
ar
a
0
0
St
.
La
wr
en
ce
+0
.2
0
To
ta
l
+0
.2
0
 
11
56
00
(c)
.
32
00
(c)
'7
00
0
(c)
'
Ni
ag
ar
a
'
.
'
’+
57
-8
0
St
.
La
wr
en
ce
+1
4.
3
-+
1.
33
To
ta
l
+7
2.
1
+1
.3
3
12
5000
(c)
3200
(c)
9400
(c)
Niaga
ra
0
O
St. Lawrence +0.2 +0.17
To
ta
l
+0
.2
+0
.1
7
 
13
56
00
(c
)
32
00
(c
)
94
00
(c
)
Ni
ag
ar
a,
+5
7.
8
0
St
.
La
wr
en
ce
+1
4.
1
+
1.
50
To
ta
l
+7
1.
9
+
1.
50
(c)
(t
)
con
tin
uou
s
on
tri
gge
r
 
 
 G
-
1
0
7
Basis—of—
Compa
rison
1
5
6
7
8
9
10
11
12
13
Tab
le
G-5
3
DIVERSION
SCENARIOS
COMPARED
TO BASIS-
OF-COMPAR
ISON
UPPER
MICHI
GAN S
YSTEM
DIFFE
RENCE
IN AV
ERAGE
ANNUA
L ENE
RGY P
RODUC
TION
AN
D
PEAK
LOAD
MEETI
NG CA
PABIL
ITY
Differ
ence f
rom Ba
sis—of
—Compa
rison
 
Average
Average
Divers
ion Sc
enario
s—cfs
Annual
Peak
Annual
Peak
LL/O
Chi.
Wel.
Energy
Capaci
ty
Energy
Capaci
ty
gWh
MW
gWh
MW
5000(c) 3200(c
) 7000(c)
379.3 29.26(
5)
0(c)
3200(c)
7000(c)
360.7
29.16
—18.6
-0.10
0(t)
3200(c)
7000(c)
369.9
29.20
- 9.4
—0 07
5000(c)
3200(c)
9000(t)
379.8
29.27
+ 0.5
e
5000(C
)
8700(t)
.7000(c
) - I
381.6
29.33
._ O +
2.4
+0.07
0(t)
8700(t)
7000(c)
372.1
29.27
+ 7.2
e
0(t)
8700(t)
9000(t)
371.9
29.27
— 7.4
5000(c)
3200(c)
2600(t)
378.6
29.26
~ 0.7
5600(c)
3200(c)
7000(c)
380.3
29.27
+ 1.0
5000(C)
3200(c)
9400(C)
380.0
29.27
+ 0.7
C
D
G
D
C
D
C
D
C
D
5600(0)
3200(c)
9400(0)
381.4
29.28
+ 2.1
(c)
(t)
continuous
_
on trigger
°
 
G
-
1
0
8
Tab
le
G—5
4
POWER EVA
LUATION
ONTARI
O SYST
EM - N
IAGARA
RIVER
PLANTS
ADJUSTMENT TO AVERAGE ANNUAL ENERGY
FOR‘
DIFFERENCE BETWEEN PREDICTED AND COMPUTED MEAN OUTFLOWS
Lake Erie Mean Outflow from Basis—of-Comparison = 207,175 cfs
 
Lake Erie Mean Outflow
Incre_
Average Annual Energy
from
Difference from Basis—of—Comparison mental
A B.C. A B.C.
Diversion Canada Economy Before After
Scenario Predicted Computed Diff. Share Factor Adjustment Adjustment Adjustment
 
Diversion
Scen
ario
 
cfs cfs cfs cfs cfs kw/cfs gwh gWh gwh
1 LL/0
0 (a) 202,421
—5000
-4754
—246
—123
13.29
day
“9-5
"435-9
"445-4
Chi. 3200 (c) ‘ night —4.7 -132.6 —137.3
we1. 7000 (c) total —14.2 —568.5 7582.7
5 LL/O 0 (t)
204,863 —25
00 -2312
~188 —94
12.02 day
-6.6 -195.0
—201.6
Chi. 320
0 (c)
night
—3.3
—58.6
-61.9
Wel. 700
0 (c)
- -
'
' -tota1
' —9.9
—253.6
—263.5
6 LL/O 5000 (c) 207,201 0 +26 +26 +13 '11.04 day —0.9 +36.5 +35.6
Chi.
3200 (
C)
night
-0.4
+37.3
+36.9
"81. 9000 (t) total —1.3 +73.8 +72.5
7 LL/
O 50
00 (c
) 2
04,68
7
-2750
—2488
4262
-131
10.18
day
-7.8
-85.1
—92.9
Chi.
8700 (
t)
night
-3.9
-25.9
—29.8
Wel.
7000 (
C)
‘
total
-ll.7
-lll.0
~122.7
8 LL/o 0 (t)
202,369 -52
50 -4806
-444 -221
11.96 day
-15.5 —294.0
-309.5
Chi.
8700
(t)
night
-7.7
-89.2
—96.9
Wel.
7000 (
c)
total
-23.2
—383.2
~406.4
(c) = Con
tinuous
(t) = on
Trigger
  
 Table
G-55
POWER EVALUATION
ONTARIO SYSTEM - NIAGARA RIVER PLANTS
ADJUSTMENT T0 AVERAGE ANNUAL ENERGY
FOR'
DIFFERENCE BETWEEN PREDICTED AND COMPUTED MEAN OUTFLOWS
Lake Erie Mean Outflow from Basis—of—Comparison = 207,175 cfs
 
Lake Erie Mean Outflow
Incre-
Average Annual Energy
from
Difference from Basis—of-Comgarison
mental
.
, A B.C.
A B.C.
Diversion
Canada
Economy
Before
After
Scenario
Predicted
Computed Diff.
Share
Factor
Adjustment
Adjustment
Adjustment
 
Diversion
Scenario
G
-
1
0
9
cfs
cfs
cfs
cfs
cfs
kW/cfs
gWh
gWh
gWh
9 LL/o
0
(t)
202,402
-5250
-4773
—477
«238
10.24
day
—14.2
-272.1
—286.3
Chi.
8700 (t)
night
—7.2
—54.4
—61.6
Wel.
9000 (t)
total
—21.4
-326.5
—347.9
10 LL/O 5000 (c) 207,166
0
-9
-9
-4
11.04
day
+0.3
-67.6
—67.3
Chi.
3200 (c)
night ’ +0.1
—70.5
-7o.4
Wei. 2600 (t)
- - -
, ' - ‘
' -tota1 +0.4
—138.1
-137.7
11 LL/O 5600 (c) 207,741
+600
+566
~34
-17
11.04
day
+1-1
+21-0
+22.1
Chi. 3200 (0)
night +0.5
+6.4
+6.9
Wel. 7000 (c)
total +1.6 +27.4
+29.o
12 LL/O 5000 (0) 207,216
0
+41 +41
+20 11.04 day —1.3 +41.5
+40.2
chi. 3200 (c)
night —0.6
+66.2
+65.6
Wel. 9400 (c)
'
total —1.9 +107.7 +105.8
13 LL/O 5600 (C) 207,783
+600 -
+608
+8
+4
11.04
day
-0.3
+64.7
+64.4
Chi. 3200 (c)
night ‘0.1
+73.4
+73.3
Wel. 9400 (d)
total -O.4 +138.l +137.7
(c) = Continuous (t) = on Trigger
   
G
—
l
l
O
Table G-56
POWER EVALUATION
ONTARIO OR NEW YORK SYSTEM — ST. LAWRENCE RIVER PLANTS
ADJUSTMENT TO AVERAGE ANNUAL ENERGY
FOR'
DIFFERENCE BETWEEN PREDICTED AND COMPUTED MEAN OUTFLOWS
Lake Ontario Mean
Outflow from Basi
s—of—Comparison =
241,880 cfs
 
Lake Ontario Mean Outflow
Incre-
AVerage Annual Energy
from
Difference from Basis—of-Comparison
mental
A B.C.
A B.C.
Diversion
Can. or US Economy
Before
After
Diver510n
Scenario
Predicted
Computed
Diff.
Share
Factor
AdeStment
Adjustment
AdeStment
Scenario
cfs
cfs
cfs
cfs
cfs
kW/cfs
gWh
gWh
gwh
l LL/O
0 (c)
237,285
-5000
-4595
—405
-202
5.71 d
ay -6.
7
-69.7
—76.4
Chi. 3200 (c)
night -324
—45.3
-48.7
Wel. 7000 (c)
tota1.-10.1
-115.0 -125.1
5 LL/O 0 (t) 239,738 -2500 —2142 -358 —179
5.44 day -5.7
—30.0
-35.8
Chi. 3200 (c)
night ~—2.8 -21.0 -23.8
Wel. 7000 (c)
' , - ‘ '
' total -8.5 —51.1 —59.6
6 mm 5000 (c) 241,926
0
+46 +46 +23
5.45 day —0.7
+0.2
—0.5
Chi. 3200 (c) 5 night —O.4 +0.6 +0.2
Wel. 9000 (t) total -1.1 +0.8 -0.3
7 LL/O 5000 (c) 239,549 —2750 —2331 —209 -105
5.44 day -6.7
—32.9
—39.6
Chi. 8700 (t)
night —3.3 —22.7 —26.0
ml. 7000 (0)
total -10.0 ~55.6 -65.6
8 LL/o 0 (t) 237,299
—5250
—4581
-669
-334
5.49 day —10.7
~66.0
-76.7
chi, 8700 (t)
night —5.4
-44.3
—49.7
Wel. 700
0 (c)
total—16.
1
—110.3
—l26.4
(c) = Continuous (t) = on Trigger
  
  
Tab
le
G—5
7
POWER EVALUATION
ONTARIO OR NEW YORK SYSTEM - ST. LAWRENCE RIVER PLANTS
ADJUSTMENT TO AVERAGE ANNUAL ENERGY
FOR‘
DIFFERENCE BETWEEN PREDICTED AND COMPUTED MEAN OUTFLOWS
Lake Ontario Mean Outflow from Basis—of-Comparison = 241,880 cfs
Lake Ontario Mean Outflow
'
Incre—
Average Annual Energy
from
Difference from Basis—of—Comparison
mental
A B.C.
A B.C.
Diversion
Can. or US
Economy
Before
After
Scenario
Predicted
Camputed Diff.
Share
Factor
Adjustment
Adjustment
Adjustment
 
Diversion
Scenario
 
cfs
cfs
cfs
cfs
cfs
kw/cfs
gWh
gWh
gwh
9 LL/O
0
(t)
237.329
-5250
-4551
-699
-350
5.52
day
—ll.3
~66.l
-77.4
Chi.
8700 (t)
night -5.6
—44.l
—49.7
Wel.
9000 (t)
total -l6.9
-110.2
~127.l
10
LL/o
5000
(c)
241,866
0
'14
'14
‘7
5-45
day
+0.2
—0.7
—0.5
Chi.
3200 (c)
night +0.1
+0.6
+0.7
Wel.
2600 (t)
. -
-
o
- '
' -tota1 +0.3
-0.1
+0.2
11 LL/0 5600 (a) 242,462
+600
+582
~18~
—9
5.45 day +0-3
+8-3
+8.6
chi.
3200 (c)
night +0.1
+5.6
+5.7
Wel. 7000 (C)
total +0.4
+13.9
+l4.3
12 LL/O 5000 (c) 241,928
0
+48
+48
+24
5.45
day
-o,7
+0.8
+0.1
Chi.
3200
(c)
night
—0.4
+0.5
+0.1
Wei.
9400 (0)
total
-1.1
‘+1.3
+0.2
13 LL/O
5600 (0) 242,485
+600
+605
+5
+2
5.45
day
-0.1
+8.4
+8.3
Chi.
3200 (c)
night
0
+5.8
+5.8
Wei.
9400 (c)
total -0.1
+14.2
+14.1
(c) = Continuous (t) = on Trigger
 
G
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Table
G-58
POWER EVALUATION
QUEBEC SYSTEM - ST. LAWRENCE RIVER PLANTS
ADJUSTMENT TO AVERAGE ANNUAL ENERGY
FOR
DIFFERENCE
BETWEEN
PREDICTED AND COMPUTED MEAN
OUTFLOWS
Lake Ontario Mean Outflow from Basis—of-Comparison = 241,859 cfs
 
Lake Ontario Mean Outflow
Incre-
Average Annuél Energy
from
Difference from Basis—of—Comparison
mental
A B.c.
A B.c,
Diversion
Canada
Economy
Before
After
D
.
.
.
.
iverSion
Scenario
Predicted
Computed
Diff.
Share
Factor
AdJUStment
AdJUStment
AdJUStme"t
Scenario
cfs
cfs
cfs
cfs
cfs
kW/cfs
gWh
gWh
gwh
1 LL/o O (0) 237,285
—5000
-4574 -426
-426
4.70 day
Chi.
3200 (C)
night
Wel.
7000 (a)
total —17.6
~192.0
—209.6
5 LL/O 0 (t) 239,750 —2500 ~2109 —391 -391
4.70 day
Chi. 3200 (0) night
we1. 7000 (c)
. . .
. . -
'A.tbta1 —16.l
~86.9 —103.0
6 LL/o 5000 (c) 241,936
0
+77 -77 -77
4.30 day
Chi.
3200 (c)
V
night
Wei.
.
total '2.9
+2.9
0
7 LL/o 5000 (C) 239,556 -2750 -2303 -447 -447
4.70 day
Chi.
8700 (t)
night
Wel. 7000 (C)
total -18.4
—94.8
-113.2
8 LL/O
0 (t) 237,315
-5250
-4544 ~706
-706
4.70 day
Wel. 7000 (c)
total -29.1
—187.6
—216.7
(c) = Continuous (t) = On Trigger
 
  
G
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Table
G-59
POWER EVALUATION
QUEBEC SYSTEM - S
T. LAWRENCE RIVER
PLANTS
ADJUSTMENT T0 AVERAGE ANNUAL ENERGY
FOR'
DIFFERENCE BETWEEN PREDICTED AND COMPUTED MEAN OUTFLOWS
'
Lake Onta
rio Mean
Outflow f
rom Basis
—of—Compa
rison = 2
41,859 cf
s
Lake Ontario Mean Outflow
Incre-
Average Annual Energy
from
Difference from Basis—of—Comparison
mental
A B.C.
A B.C.
Diversion
Canada Economy
Before After
Diversion
.
.
Scenario Predicted Computed Diff. Share Factor Adjustment Adjustment A justment
Scenario
cfs
cfs
cfs cfs cfs
kW/cfs
gWh
gWh
gWh
9 LL/O
o (t) 2
37,341
-5250
—-4518
-732
—732
4.72 d
ay
Chi. 8700 (t)
night
Wel. 9000 (t)
total —30.3
—186.9 -217.2
10 L
L/o
5000
(c)
241,8
76
0
+17
—17
~17
3.36
day
Chi. 3200 (C) ‘ ‘ night .
Wel. 2600 (t) - ' ' . ' ' ‘ 'total -0.5 -0.5 —1.0
11 LL/
o 5600
(0)
242,45
1
+600
+592
+8
+8
4.83
day
Chi. 3200 (C)
night
Wel, 7000 (c)
total +0.4 +25.1 +25.5
12 LL/
O 5000
(6) 2
41,914
0
+55
-55
—55
4.98
day
Chi.
3200
(c)
nig
ht
Wel. 9
400 (c
)
total
—2.4
+2.4
0
l3 LL/
o 5600
(C)
242,47
1
+600
+612
-12
-12
4.37
day
Chi. 3200 (C)
night
Wel.
9400
(C)
total
—0.5
+26.1
+25.6
(c) =
Contin
uous
(t) = O
n Trig
ger
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G-60
RE
CR
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Scena
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1
5
Waterway
United States
St. Law
rence R
iver
Lake Ontario
Niagar
a Rive
r
Lake Erie
Detroi
t Rive
r
Lake St
. Clair
St. Cla
ir Rive
r
Total (0.3.)
Canada
St. Law
rence R
iver
Lake
Ontar
io
Niagar
a Riv
er
Lake Erie
Detro
it Ri
ver
Lake St. Clair
St. Clair River
Total
(Canada)
*Data Not Available
m
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RECREATIONAL BOATING
(Annual Values in $1000)
Scenarios
é
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3200 CHI
7000 WELL
7
5000
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CHI
9000 WELL
9
5000
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7000
WELL
13
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 4 Environmental Evaluation
The maximum—effect diversion scenario, Scenario 9, was evaluated for
environmental impact thrOugh literature search, simplified models,
extr
apol
atio
n an
d ap
plic
atio
n of
the
find
ings
docu
ment
ed b
y th
e IL
ERS
Boar
d
and the United States Study on Increased Lake Michigan Diversion at
Chic
ago.
Addi
tion
al
stud
y da
ta,
simp
lifi
ed m
odel
s, a
nd e
xcer
pts
from
literature references supporting the evaluations, determinations and
conclusions expressed in the main report are presented herein.
4.1 Fisheries
Table G-62 illustrates the large variety of forage, sport, and
commercial fish species that could be affected during certain life-cycle
periods by a reduction in lake water levels. Lower water levels may
adve
rsel
y i
mpac
t fi
sh p
opul
atio
ns i
n th
ese
area
s; h
owev
er,
atte
mpts
of
studies to relate specie strength with lake levels have borne mixed
resu
lts.
For
exam
ple,
one
stud
y to
rela
te y
ello
w pe
rch
year
-cla
ss s
tren
gth
with
lake
leve
ls i
n Sa
gina
w Ba
y co
uld
not
esta
blis
h a
rela
tion
ship
; o
ther
studies recently conducted in western Lake Erie have been able to
int
err
ela
te
suc
h c
ond
iti
ons
for
sev
era
l S
pec
ies
com
mon
to
tha
t a
rea
.
Als
o,
it is known that with losses of certain vegetation types and changes in
shallow water habitat, fish populations subsequently change.
4.2 Wetlands
The
stu
die
s c
ond
uct
ed
by
Jaw
ors
ki,
et
a1
(19
79)
(15
),
at
spe
cif
ic
Gre
at
Lake
s we
tlan
d ar
eas,
indi
cate
that
, in
addi
tion
to t
he c
hang
es
in t
otal
wetl
and
area
asso
ciat
ed w
ith
vari
ous
lake
leve
ls,
chan
ges
also
occu
r in
the
rela
tive
impo
rtan
ce o
f th
e fo
ur m
ajor
vege
tati
on z
ones
iden
tifi
ed i
n th
e
Jaw
ors
ki
stud
y.
Tab
le
G-6
3 o
utl
ine
s t
he
cha
nge
s n
ote
d i
n t
he
are
a o
f t
hes
e
vege
tati
ve z
ones
as r
elat
ed t
o la
ke l
evel
stag
es.
The
gene
ral
resp
onse
s o
f
the
seve
n we
tlan
d t
ypes
(ill
ustr
ated
in F
igur
e 2-
3 of
the
main
repo
rt)
to a
consistent decrease in water levels are presented in Table 6-64.
The
eff
ect
of
lak
e l
eve
l c
han
ges
on
wet
lan
d v
ege
tat
ion
wit
h r
esp
ect
to
the diversion scenario using data from the Dickinson Island Marsh and
Tous
sain
t Ma
rsh
stud
ies
are
disp
laye
d in
Figu
res
G-1
and
G-2.
Lake
leve
ls
are relative to the long-term basis-of-comparison mean. The lines
rep
res
ent
ing
the
dif
fer
ent
reg
ula
tio
n p
lan
s a
re
for
a h
igh
fou
r y
ear
per
iod
and
a lo
w fo
ur y
ear
peri
od.
Thes
e gr
aphs
do n
ot c
onsi
der
lowe
r le
vels
for
lon
ger
dur
ati
ons
(10
-15
yea
rs)
tha
t m
ay
occ
ur
wit
h c
han
ges
in
the
div
ers
ion
rates.
Wit
hin
the
Gre
at
Lak
es
sys
tem
, t
he
are
a m
ost
lik
ely
to
be
aff
ect
ed
by
lake level changes is the shallow water area (nearshore zone). This zone
is
def
ine
d a
s t
he
are
a d
own
to
the
fiv
e f
ath
om
(30
ft.)
dep
th
con
tou
r.
Charts showing the relative distribution of this zone in the Great Lakes
are displayed in Figures G-3 through G-7.
G-ll6
  
  
Spawning
(shallow protected, sand-mud, silt
with vegetation)
banded killifish
bigmouth buffalo
black bullhead
black crappie
blacknose Shiner
bluegill sunfish
bluntnose minnow
bowfin
brindled madton
brook silversides
brown bullhead
carp
central mudminnow
fathead minnow
golden Shiner
goldfish
grass pickerel
green sunfish
gr. side darter
Iowa darter
lake chubsucker
largemouth bass
muskellunge
northern pike
pugnose shiner
pumpkinseed sunfish
quillback
spotfin Shiner
yellow bullhead
*Hartley, S. M., and A. R. Van Vooren, 1979.
Table G-62
FISH USE OF SHALLOW WATER HABITAT DURING
CRITICAL LIFE PERIODS
(AFTER HARTLEY AND VAN VOOREN, 1979)*
Nursery Feeding Overwintering
(protected with
vegetation)
x x x
x
x x x
x x x
x x x
x x x
x x
x x x
x x x
x x x
x x x
x x
x x x
x x x
x x
x x
x x x
x x
x x x
x x x
x x x
x x x
x x
x x x
x x x
x x x
x x
x x
x x x
channel catfish
channel darter
gizzard shad
longnose gar x x
logperch
spotted gar x x
tadpole madton x x
white Crappie x
The Fish Potentials,
§pecia1 Management Areas, and their Interactions with Dredgg
Spoil Sites in Lake Erie.
ment of Natural Resources.
Administrative Report, Ohio Depart-
G-ll7
Migration
(in and out
of small
tributaries)
alewife
coho salmon
golden redhorse
northern redhorse
rainbow trout
silver lamprey
silver redhorse
smelt
whitebass
white sucker
 
 Table G-63
CO
MP
OS
IT
IO
N
OF
TH
E
WE
TL
AN
D
VE
GE
TA
TI
ON
BY
LA
KE
LE
VE
L
ST
AG
E,
IN
ME
AN
PE
RC
EN
T
OF
TO
TA
L
WE
TL
AN
D
AR
EA
**
Ve
ge
ta
ti
on
TX
Ee
Lo
w
Wa
te
r
Av
er
ag
e
Le
ve
l
Op
en
Wa
te
r,
in
cl
.
Su
bm
er
se
d
an
d
Fl
oa
ti
ng
-L
ea
ve
d
15
.3
%
26
.9
%
Em
er
ge
nt
,
in
cl
.
Ca
tt
ai
l
34
.5
30
.0
Se
dg
e
Ma
rs
h,
Me
ad
ow
22
.5
15
.5
Sh
ru
b/
Fo
re
st
ed
We
tl
an
d
16
.1
15
.2
NO
TE
:
Di
e-
ba
ck
ar
ea
s
we
re
in
cl
ud
ed
in
th
e
li
ve
ca
te
go
ry
.
**
Fr
om
Ja
wo
rs
ki
,
et
al
(1
97
9)
.
la
ke
le
ve
l
st
ag
e
is
du
e
to
th
e
in
cl
us
io
n
of
de
ve
lo
pe
d
total.
G-118
W
46.6%
19.4
8.9
14.3
Fa
il
ur
e
of
th
e
cl
as
si
fi
ca
ti
on
to
to
ta
l
10
0%
at
an
y
areas in the wetland
 Table 6-64 1 /
GENERAL RESPONSE OF WETLAND TYPES TO LOWERED WATER LEVELS ———
Wetland Types Lowered Water Levels
 
A lowering of water levels would result in a lakeward
OPEN SHORELINE
shift of vegetation zones, leaving a dry zone
(shrub/tree) at the landward edge. Emergents and
sedge/meadow zones would become more prevalent.
 
Lowered water levels would encourage the growth of
UNRESTRICTED BAY
dense emergents at the expense of open-water aquatics.
A lowering of water levels may result in vegetation
zone shifts over large areas, with extensive sections
SHALLOW—SLOPING BEACH of the wetlands exhibiting more meSOphytic vegetative
characteristics. Critical wildlife areas could
experience significant damage.
Lower water levels would cause a lakeward shift of
RIVER DELTA vegetation zones, but sedge/meadow zones would be more
prevalent at the expense of open-water aquatics. i
These wetlands would become dominated by emergent and
RESTRICTED RIVERINE sedge/meadow zones in response to lowered water levels.
Lowering of the long-term water levels would result in
the loss of wetland along the landward perimeter.
LAKE—CONNECTED INLAND Sedge/meadow and emergent zones would become prevalent
for longer periods and the diversity of wildlife would
be reduced. Effects of lowered lake levels may be more
severe in this Wetland Type.
Natural. These wetlands would exhibit denser emergent
vegetation and an increase in the extent of the .
PROTECTED sedge/meadow zones. i
Dyked. These wetlands could shift to denser emergent
vegetation with extreme lowering. Management
techniques could offset slightly lowered water levels.
1 / International Lake Erie Regulation Study Board's investigations.
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 4.3 Water Quality
4.3.1 Turbidity
Statistically significant correlations were identified between
total toe-of-the-bluff energy, which is a function of lake level, and mean
mont
hly
turb
idit
y, m
easu
red
at a
wate
r tr
eatm
ent
plan
t on
the
nort
h sh
ore
of the Central Basin of Lake Erie. The derived correlations were
appl
icab
le o
nly
for
the
mont
hs M
arch
thro
ugh
Augu
st p
lus
Nove
mber
.
Due
to
limi
ted
data
the
equa
tion
s ma
y be
subj
ect
to a
subs
tant
ial
degr
ee o
f er
ror.
For
the
max
imu
m-e
ffe
ct
div
ers
ion
sce
nar
io
the
res
ult
ing
tur
bid
ity
val
ues
are shown in Table 6-65.
4.3.2 Cladoghora
Tab
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6-6
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.
Figure G-8 illustrates the annual production for the maximum-effect
dive
rsio
n sc
enar
io a
nd t
he p
erce
ntag
e de
viat
ion
from
basi
s-of
-com
pari
son
production.
5 Hydrologic Evaluation of Consumptive Use
Section 6 of the main report describes the current (1975) consumptive
use of water within the Great Lakes basin. The section also presents three
possible consumptive use projections (high, most likely, and low) to the
year 2035. Section 8 of the main report describes the hydrologic effect of
the most likely projection. Contained herein are additional hydrologic
evaluations for the most likely projection, as well as evaluations for the
high and low projections.
5.1 Evaluation Technique
Briefly, the evaluation technique consisted of the following
procedures.
a.
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 Table 6-65
TURBIDITY EVALUATION OF MAXIMUM-EFFECT DIVERSION SCENARIO
FOR THE NORTH SHORE OF THE CENTRAL BASIN OF
LAKE ERIE, 1967 - 1976*
BASIS-OF- MAXIMUM-EFFECT
COMPARISON DIVERSION SCENARIO
Mean Turbidity for
Period of Evaluation 22.3 JTU 20.8 JTU**
Mean Turbidity change
for Period of Evaluation x -l.5 JTU
Mean Percentage Change x -6.7%
Greatest Monthly JTU
Change x -10.5 JTU
Percentage change x -11.1%
* Months of January, February, September, October, and December have been
excluded from calculations.
**JTU = Jackson Turbidity Units: the measurement of turbidity based on the
light path through a suspension (of water) that just causes the image of the
flame of a standard candle to disappear. The longer the light path, the
lower the turbidity.
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 Table G-66
MEAN
ANNUAL
CLADOPHORA
PRODUCTION
IN
BASS
ISLANDS
REGION
OF
LAKE
ERIE
AS
INFLUENCED BY MAXIMUM-EFFECT
DIVERSION
SCENARIO
(TONS /YEAR)
MAXIMUM-
EFFECT
BASIS-OF- DIVERSION
COMPARISON SCENARIO Difference
Mean
Annual
Production
13,012
13,193
+181
(1.4%)
Maximum Annual
Increase
13,012
13,770
+758
(7.1%)
Maximum Annual
Decrease
13,012
12,914
-98
(0.7%)
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consumptive use which reflect an increasing effect along with a possible
limit to this use in the future. However, the technique is deficient in
that it assumes a repeat of the historic water supply sequence.
d. Adjusting the period (1916-1976) average water supplies to
reflect the projected consumptive use at selected points in time, and the
routing of each through the system. Employment of this method eliminates
the consideration of sequences.
e. Adjusting the period (1916-1976) average water supplies to
reflect the projected progressively increasing consumptive use with cut-off
at selected points in time, and the routing of these reduced water supplies
through the system. Employment of this method recognizes that consumptive
use may increase with time, but may be limited in time. The technique, by
employing the average supply, eliminates the consideration of changing
magnitude and sequences.
5.2 Results of Evaluation
The techniques employed to obtain the projected high, most likely and
low estimates of consumptive use are outlined in Section 6 of the main
report and detailed in Annex F. These projections are shown in Figures G—
9, 10, and 11. Figure G-9 shows that for the most likely projection there
would be very little increase (small in magnitude) in conSumptive use from
the Lake Superior basin over the 60 year evaluation period; Lakes Michigan-
Huron would increase five-fold; Lake Erie four and one half times; and Lake
Ontario nine times. Overall there would be a five-fold increase.
Figure 6-10 presents the high projection. It shows that, over the 60
year projection period, the conSumptive use from Lake Superior would
increase from approximately 240 cfs to 1230 cfs, a five-fold increase;
Lakes Michigan-Huron from 1960 cfs to 13,820 cfs, a six-fold increase; Lake
Erie from 2210 cfs to 13,500 cfs, a six-fold increase; and Lake Ontario
would increase 16 times from 530 cfs to 8000 cfs. Overall, consumptive use
(under the high projection) would increase by a factor of seven.
Figure G-ll presents the low projection. It shows a slight increase
in water losses from Lake Superior (240 cfs to 700 cfs); a three-fold
increase for Lakes Michigan-Huron (1960 cfs to 6960 cfs); a two and one-
half increase (2210 cfs to 5590 cfs) for Lake Erie; and an increase in use
for Lake Ontario from 530 cfs to 3060 cfs. Overall, the low projection
produces a four-fold increase in consumptive use over the 60 year period.
Presented in Tables 0-67 to 6-78 and described in the listing below
are the impacts on Great Lakes levels and flows, if the projected increases
in consumptive use become a fact (assuming a repeat of the historic water
supplies).
a. Table G-67, column a shows the impact of the MLP by applying
technique "a" to the historic water supplies. The table shows that the
levels and flows wo Id be lowered. The maximum impact would be felt on
Lake Ontario, with the range being expanded by 1.28 feet. This table also
contains the impact of the MLP by applying technique "b" to the historic
water supplies. Here again there is a general lowering of all levels and
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 an increase in the range of levels, with the Lake Ontario range expanding
by 5.68 feet (under the 60 year condition).
The table also shows a
reduction in the outflows from Lake Ontario approximately equal to the
increase in consumptive use (19,000 cfs vs. 20,500).
b. Tables G-68 and 6-69 present the results of applying techniques
a" and "b" to the historic water Supplies, using the high and low
projections of consumptive use. Both tables show the accumulated effect as
you progress downstream. The marked impact on Lake Ontario reflects the
fixed minimum flows limitation employed under regulation and the need to
revise the plan of regulation if the projected conSumptive use become a
reality.
c. Tables G-70, 71 and 72 present the reSults of applying technique
c" to the historic water supplies, using the MLP, high and low projections
of consumptive use. Comparing the reSults shown in the 2 column of Table
G-67 with those shown in the c column of Table of 6-70 indicate a
moderating effect under technique "c" as compared to the "b" technique.
This was to be expected, since under technique "c" the conSumptive use is
increasing with time, but with a cut-off at selected points in time.
d. All six of the above tables, as noted, use the historic water
supplies. The tables show that there would be a continuing impact with
time under "b"; however, under "c" the magnitude of the conSumptive use in
the latter years have shifted the maximum stage occurrence. This
demonstrates the problem with the employment of a given set of water
supplies in the evaluation.
e. Tables G-73 (MLP), 6-74 (high range) and G-75 (low range)
demonstrates the impact employing an average water supply condition for the
total period and routing under technique "d".
f. Tables G-76 (MLP), G-77 (high range) and 6-78 (low range) show
the impact on the levels and flows using technique "e."
g. The above noted six tables produce impacts on the mean level
similar to that produced by routing the actual historic water supplies.
5.3 Summary.
In summary, it can be concluded from these evaluations that the magnitude
of decrease in levels and flows is directly related to the projected reduction
in water supplies caused by increases in consumptive use. As noted from the
tables, an increase in consumptive use, throughout the basin, will result in a
reduction in outflow from Lake Ontario by anequivalent amount.
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 Table
G-67
EVALUATION OF PROJECTED (MLP) CONSUMPTIVE USE ON LEVELS AND FLOWS, USING ACTUAL
WATER SU?PLY CONDITIONS FOR THE PERIOD 1916-1976
Basis-of-Com arisen
 
1916-1976
“
I
b-lO b-20 b-30 b-4O b-SO b-60
LAKE SUPERIOR feet cfs feet cfs feet cfs feet cfs feet cfs feet cfs feet cfs feet cfs
Mean 600.39 77 600.30 77 600.36 77 600.33 77 600.30 77 600.26 77 600.20 77 600.13 77
Max. 601.65 120 601.60 120 601.65 120 601.64 120 601.61 120 601.60 120 601.51 119 601.49 118
Min.
598.67 55 5
98.65 55 598.62
55 598.60 55 598.5
6 55 598.52 55
598.48 55 598.40
55
Range 2.98 65 2.95 65 3.03 65 3.04 65 3.05 65 3.08 65 3.03 64 3.09 63
LAKES MICHIGAN—HURON
 
Mean _ 578.17 184 577.90 181 578.09 183 578.01 182 577.91 181 577.80 179 577.63 178 577.42 175
Max. 581.13 232 580.91 230 581.06 231 580.97 230 580.88 228 580.74 226 580.57 224 580.35 221
Min.
575.47 112 5
75.01 110 575.38 1
11 575.29 110 575.1
9 109 575.07 107
574.89 105 574.66
103
Range 5.66 120 5.90 120 5.68 120 5.68 120 5.69 119 5.67 119 5.68 119 5.69 118
G
-
l
3
6
LAKE ERIE
Mean 570.73 207 570.44 201 570.65 205 570.57 203 570.47 201 570.34 199 570.18 195 569.96 191
Max. 573.59 270 572.94 257 573.52 269 573.42 266 573.34 264 573.20 261 573.03 257 572.81 252
Min.
568.09 152 5
67.75 148 568.01 1
50 567.92 148 567.8
1 146 567.68 144
567.49 140 567.25
136
Range 5.50 118 5.19 109 5.51 119 5.50 118 5.53 118 5.52 117 5.54 117 5.56 116
LAKE
ONTAR
IO
Mean 244.74 241 244.23 234 244.67 240 244.56 237 244.38 235 244.13 232 243.58 227 242.30 222
Max. 249.42 310 247.16 310 248.89 310 248.39 310 248.10 310 247.77 310 247.36 310 247.02 310
Min. 241.58 188 238.04 188 240.99 188 240.40 188 239.71 188 238.74 188 237.19 188 233.50 188
Range 7.84 122 9.12 122 7.90 122 7.99 122 8.39 122 9.03 122 10.17 122 13.52 122
COLUMN DESIGNATION - The letter designation refers to the evaluation procedure used and is the same letter as that utilized to identify the procedure
under paragraph 5.1. T
he number refers to the
year of the projection
employed.
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EVALUATION OF PROJECTED (HIGH RANGE) CONSUMPTIVE USE ON LEVELS AND FLOWS, USING ACTUAL
WATER SUPPLY CONDITIONS FOR THE PERIOD 1916-1976
Basis-of~Com arisen
(1916-1976)
 
W
I
b-10
b-ZO
b-30
b-40
b-SO
b-60
 
LAKE SUPERIOR
feet
cfs
feet cfs
feet cfs feet cfs feet cfs feet cfs
feet cfa
feet cfs
 
Mean
600.39
77 600.27 77 600.36 77 600.32 77 600.27 77 600.22 77 600.13 77 600.01 76
Max.
601.65
120 601.60 120 601.66 120 601.62 120 601.60 120 601.57 119 601.48 118 601.42 118
Min.
598.67
55
598.65 55 598.62 55 598.58 55 598.53 55 598.47 55 598.38 55 598.26 55
Range
2.98
65
2.95 65
3.04 65 3.04 65
3.07 65 3.10 64
3.10 63
3.16 63
LAKES MICHIGAN—HURON
Mean
578.17
184 577.81 180 578.07 183 577.97 181 577.85 180 577.69 178 577.43 175 577.09 172
Max.
581.13
232
580.90 229 581.05 231 580.91 229 580.80 227 580.63 225 580.36 221 579.96 219
Min.
575.47
112 574.84 110 575.37 111 575.25 110 575.12 108 574.95 106 574.68 103 574.31 99
Range
5.66
120
6.06 119 5.68 120 5.66 119 5.68 119 5.68 119 5.68 118 5.65 120
LAKE ERIE
Mean
570.73
207 570.33 198 570.62 204 570.50 202 570.37 199 570.20 196 569.94 190 569.59 183
Max.
573.59
270 572.91 256 573.50 268 573.36 265 573.23 262 573.06 258 572.79 252 572.43 244
Min.
568.09
152 567.53 144 567.98 149 567.85 147 567.70 144 567.51 141 567.23 136 566.84 129
Range
5.50
118
5.38 112 5.52 119 5.51 118 5.53 118 5.55 117 5.56 116 5.59 115
LAKE ONTARIO
Mean
244.74
241 243.88 231 244.63 239 244.46 236 244.19 232 243.65 228 241.90 220 236.86 211
Max.
249.42
310 246.97 310 248.81 310 248.27 310 247.89 310 247.41 310 246.92 310 246.30 301
Min.
241.58
188 235.03 188 240.79 188 239.99 188 238.86 188 237.40 188 231.83 188 219.23 188
Range
7.84
122 11.94 122 8.02 122 8.28 122 9.03 122 10.01 122 15.09 122 27.07 113
COLUMN DESIGNATION - The letter designation refers to the evaluation procedure used and is the same letter as that utilized to identify the procedure
under paragraph 5.1. The number refers to the year of the projection employed.
 
 Table
G-69
EVALUATION OF PROJECTED (LOW RANGE) CONSUMPTIVE USE ON LEVELS AND FLOWS, USING ACTUAL
WATER SUPPLY CONDITIONS FOR THE PERIOD 1916-1976
Basis-of-Com arison
(1916-1976)
 
m
|
b-lO b-20 b-30 b-4O b-50 b—60
LAKE SUPERIOR feet cfs feet cfs feet cfs feet cfs feet cfs feet cfs feet cfs feet cfs
 
Mean 600.39 77 600.33 77 600.37 77 600.36 77 600.33 77 600.31 77 600.28 77 600.25 77
Max. 601.65 120 601.63 120 601.65 120 601.67 120 601.63 120 601.62 120 601.60 120 601.58 120
Min. 598.67 55 598.66 55 598.64 55 598.62 55 598.58 55 598.57 55 598.56 55 598.51 55
Range 2.98 65 2.97 65 3.01 65 3.05 65 3.05 65 3.05 65 3.04 65 3.07 65
LAKES MICHIGAN-HURON
Mean 578.17 184 578.01 182 578.12 183 578.07 182 578.01 182 577.95 181 577.87 180 577.77 179
Max. 581.13 232 580.95 230 581.11 231 581.04 230 580.99 229 580.90 228 580.82 227 580.72 226
Min. 575.47 112 575.20 111 575.42 112 575.37 111 575.30 110 575.24 110 575.15 108 575.04 107
Range 5.66 120 5.75 119 5.69 119 5.67 119 5.69 119 5.66 118 5.67 115 5.68 119
G
-
1
3
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LAKE ERIE
Mean 570.73 207 570.58 204 570.69 206 570.65 205 570.59 204 570.52 202 570.44 201 570.34 199
Max. 573.59 270 573.26 263 573.56 269 573.51 268 573.46 267 573.38 265 573.30 263 573.20 261
Min. 568.09 152 568.00 150 568.05 151 568.01 150 567.94 149 567.87 148 567.78 146 567.67 144
Range 5.50 118 5.26 113 5.51 118 5.50 118 5.52 118 5.51 117 5.52 117 5.53 117
LAKE ONTARIO
Mean 244.74 241 244.47 238 244.70 240 244.65 239 244.58 238 244.48 236 244.31 234 244.07 231
Max. 249.42 310 247.93 310 249.14 310 248.90 310 248.56 310 248.30 310 248.01 310 247.71 310
Min. 241.58 188 239.74 188 241.33 188 240.97 188 240.60 188 240.04 188 239.34 188 238.47 188
Range 7.84 122 8.19 122 7.91 122 7.93 122 7.96 122 8.26 122 8.67 122 9.24 122
COLUMN DESIGNATION - The letter designation refers to the evaluation procedure used and is the same letter as that utilized to identify the procedure
under paragraph 5.1. The number refers to the year of the projection employed.
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Table G-70
EVALUATION OF PROJECTED (MLP) CONSUMPTIVE USE ON LEVELS AND FLOWS, USING ACTUAL
WATER SUPPLY CONDITIONS FOR THE PERIOD 1916-1976
Basis-of-Com arison
(1916—1976)
 
c—10
c-ZO
c-30
c-40
c-50
c-60
m
|
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cfs
feet cfs
feet cfs feet cfs
feet cfs feet cfs
feet cfs
feet cfs
 
Mean
600.39
77
600.30 77
600.36 77 600.34 77 600.32 77 600.31 77
600.30 77
600.30 77
Max.
601.65
120
601.60 120
601.65 120 601.64 120 601.61 120 601.60 120
601.60 120
601.60 120
Min.
598.67
55
598.65 55
598.65 55 598.65 55 598.65 55 598.65 55
598.65 55
598.65 55
Range
2.98
65
2.95 65
2.98 65
2.99 65
2.96 65
2.95 65
2.95 65
2.95 65
LAKES MICHIGAN-HURON
Mean
578.17
184
577.90 181 578.10 183 578.04 182 577.99 182 577.94 181 577.91 181 577.90 181
Max.
581.13
232
580.91 230 581.07 231 580.97 230 580.91 230 580.91 230 580.91 230 580.91 230
Min.
575.47
112
575.01 110 575.39 111 575.30 110 575.19 110 575.07 110 575.01 110 575.01 110
Range
5.66
120
5.90 120
5.69 120 5.67 120
5.72 120 5.84 120
5.90 120
5.90 120
LAKE ERIE
Mean
570.73
207
570.44 201 570.66 205 570.60 204 570.54 203 570.49 202 570.46 201 570.44 201
Max.
573.59
270
572.94 257 573.53 269 573.42 266 573.34 264 573.20 261 573.04 258 572.94 257
Min.
568.09
152 567.75 148 568.01 150 567.95 149 567.95 149 567.85 149 567.75 148 567.75 148
Range
5.50
118
5.19 109
5.50 119 5.47 117
5.39 115 5.35 112
5.29 110
5.19 109
LAKE ONTARIO
Mean
244.74
241
244.23 234 244.66 240 244.57 238 244.47 237 244.35 236 244.24 235 244.23 234
Max.
249.42
310
247.16 310 248.93 310 248.39 310 248.12 310 247.77 310 247.36 310 247.16 310
Min.
241.58
188
238.04 188 240.99 188 240.41 188 239.72 188 238.75 188 238.04 188 238.04 188
Range
7.84
122
9.12 122
7.86 122 7.98 122
8.40 122 9.02 122
9.32 122
9.12 122
COLUMN DESIGNATION - The letter designation refers to the evaluation procedure used and is the same letter as that utilized to identify the procedure
under paragraph 5.1. The number refers to the year of the projection employed.
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IO
N
-
Th
e
le
tt
er
de
si
gn
at
io
n
re
fe
rs
to
th
e
ev
al
ua
ti
on
pr
oc
ed
ur
e
us
ed
an
d
is
th
e
Th
e
nu
mb
er
re
fe
rs
to
th
e
ye
ar
of
th
e
pr
oj
ec
ti
on
em
pl
oy
ed
.
PER
IOD
191
6-1
976
     
fe
et
600
.32
577
.84
57
0.
36
24
4.
89
le
tt
er
as
th
at
ut
il
iz
ed
to
id
en
ti
fy
th
e
pr
oc
ed
ur
e
 U
.
S
.
G
O
V
E
R
N
M
E
N
T
P
R
I
N
T
I
N
G
O
F
F
I
C
E
1
9
8
1
;
5
5
4
.
2
3
5
G
-
1
4
7
Table G-78
 
EVA
LUA
TIO
N O
F P
ROJ
ECT
ED
(LO
W R
ANG
E)
CON
SUM
PTI
VE
USE
ON
LEV
ELS
AND
FLO
WS,
USI
NG
AVE
RAG
E
WAT
ER
SUP
PLY
CON
DIT
ION
S F
OR
THE
PER
IOD
191
6—1
976
Bas
is-
of-
Com
ari
sen
(1
91
6-
19
76
)
 
'
0
|
e-l
O
e-2
0
  
LAKE
SUP
ERI
OR
feet
cfs
feet
cfs
feet
cfs
feet
cfs
 
Mea
n
600
.45
77
600
.39
77
600
.43
77
600
.42
77
LAKES
MICHI
GAN-H
URON
Mea
n
578
.19
184
578
.04
182
578
.15
183
578
.12
183
578
.09
LAKE
ERIE
Mea
n
570
.75
207
570
.61
204
570
.72
206
570
.69
205
570
.66
LAKE
ONTAR
IO
Mea
n
244
.50
242
244
.50
238
244
.50
241
244
.49
240
244
.50
COL
UMN
DES
IGN
ATI
ON
‘ T
he
let
ter
des
ign
ati
on
ref
ers
to
the
eva
lua
tio
n
pro
ced
ure
use
d
and
is
the
und
er
par
agr
aph
5.1
.
The
num
ber
ref
ers
to
the
yea
r
of
the
pro
jec
tio
n
emp
loy
ed.
 
205
239
S a
me
e-
40
e~
50
e—
60
   
fe
et
cf
s
fe
et
cf
s
fe
et
cf
s
60
0.
40
77
60
0.
39
77
60
0.
39
77
57
8.
06
578
.05
182
578
.04
182
570
.63
204
570
.61
204
570
.61
204
244.
50
239
244
.50
238
244
.50
238
lett
er
as
that
uti
1iz
ed
to
ide
nti
fy
the
pro
ced
ure
 
